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(57) Abstract 

This invenUon relates to agents or compounds capable of interfering with the binding of orotcin tyrosine Dhosnhate^i^ pf^t f/. 
ilic agents can be denvcd from the minimal sequences found in bindinc smdies PTP PF^t i« ^ ^ryrxJ^»A J^JLu \ * " 

SSTte a ^L"^^ ' hr""-.-^"^**'*' ""^ «8ent capable of interfering with the activity of PEST in a diseased t^get S^s' 
3r • «herai«utic agent to treat any disease Jiaving any of the foUowing etiological components: cell prollSon 

S ShSL'c '^'^ "^eiogenesis. This invention funher leiates to a methodfor finttog gcnui^^^ 

S?mC2f^rR!!"7- "^^"""^ ^**!^-^' '^^^ subst«.^,„.pping technique wift the aid (rfTi^^ biS 
^J^^rL ^ T? targetting knockHWt technique, there are less artefacts titan by using other tectaZes (3 

vanadate compounds, for example) whereui an artificial non-specific increase of the level of hypeiphosphoVylati Ji occuis ^ 



lOCXm «WO_998t467«.l. > 



FOR THE PURPOSES OF iNFORMATION ONLY 
codes used «» identify states party to U« PCT 00 fte fiom page, of pamphlet publishing international applications under the PCT. 



AL 


Albama 


AM 


Atroenia 


AT 


Austria 


AU 


Atttnatia 


AZ 


Azerbaijan 


BA 


Bosnia and Htrzegovina 


BB 


Barbados 


BE 


Belgium 


BF 


Bui1cin& Fsao 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Betams 


CA 


Canada 


CF 


Centra) African Rqwbtic 


CG 


Congo 


CH 


$wit2erland 


a 


Cfite d'lvoUe 


CM 


Cameroon 


CN 


China 


CU 


Cuba 


cz 


Czficb Republic 


OE 


Ocimany 


DK 


Dcnmait 


EE 


Estonia 



ES 

FI 

FR 

GA 

GB 

GE 

GH 

GN 

GR 

HU 

IE 

IL 

IS 

IT 

JP 

KB 

KG 

KP 



KZ 
LC 
U 
LK 
LR 



Spain 
Finiaad 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Gieece 

Hungary 

Ireland 

Ivtel 

Iceland 

Ixaiy 



Kenya 
Kytgyzatan 
Democratic People't 
Republic of Korea 
Rep<a>lic<tf Kotea 
Kazaicsian 
Saint Lucia 
Liechtenstein 
Sri Lanka 
Uberia 



LS 

LT 

LU 

LV 

MC 

MD 

MG 

MK 

ML 
MN 
MR 
MW 
MX 
NE 
NL 
NO 
HZ 
PL 
FT 
RO 
RU 
SD 
5E 
5G 



Lesotho 

Lkbuania 

Uncmboarg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 

Mali 



Maufitaina 
Malawi 
Mexico 
Niger 

Netherlands 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federatioa 



SI 


Slovenia 


5K 


Slovakia 


SN 


Senegal 


sz 


Swa^land 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Tufkmenistan 


TR 


Tuikey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United Stales of America 


«z 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


2W 


Zinababwc 



Sweden 
Singapore 



wo 99/61467 




PCT/CA99/00461 



-1 - 



10 



15 



20 



25 



30 



TITLE OF TH E INVEMTIQN 

Agents interfering with the binding of protein tyrosine phosphatase PEST to domains 
of signalling proteins as inhibitors of cell migration and/or of focal adhesion 

FIELD OF THE INVENTION 

The invention relates to agents modulating focal adhesion and cell migration, 
particularly those modulating the phosphorylation on protein tyrosine residues. 

BACKGROUND OF THE INVENTION 

Phosphorylation on tyrosine residues is an important mechanism for 
transmitting extracellular stimuli in biochemical and cellular events such as cell 
attachment, mitogenesis, differentiation and migration (for review see (1)). Protein 
tyrosine phosphorylation levels are regulated by the function of two protein families: 
the protein tyrosine kinases (PTK) and the protein tyrosine phosphatases (PTP). All 
PTPases have a conserved catalytic domain characterized by the signature motif 
[l/V]HCxAGxxR(SyT]G. Biochemical and kinetic studies dennonstrated that the cysteine 
residue found in this signature motif is essential for catalytic activity of PTPs since 
mutation of this cysteine completely abolishes PTPase activity (2). 

PTP-PEST is a stable soluble PTP that is ubiquitously expressed throughout 
embryonic devetopment and in murine adult tissues (3). The N-terminal portion of the 
enzyme encodes for the catalytic domain while the C-terminus portion is composed of 
five proline rich domains (4) and a binding site for the adaptor protein She (5). Among 
the proline rich domains, two proline rich motifs are recognized by the SH3 domain of 
other signalling molecules. The Pro4 (PPLPER) motif was shown to promote 
interaction vwth the SH3 domain of the csk kinase. This same pro4 motif in conjunction 
with the pro1 (PPKPPR) motif interact with the SH3 domains of the GRB2 adaptor 
protein. This interaction was proposed to facilitate the recruitment of PTP-PEST to an 
activated epidemnal growth factor receptor in order to dephosphorylate a substrate of 
approximately 120Kd (6). Indeed PTP-PEST Pro 1 domain was found recognized to 
play a major role in the association of PTP-PEST with its only known substrate to date, 
the adaptor protein p130cas (crk associated substrate) (6). Using PTP-PEST deficient 
fibroblast, we recently shown that, indeed in the absence of its PTPase regulator. 
p130cas becomes constitutively phosphorylated on tyrosine (7). indicating the 
physiological relevance of the pro1 of PTP-PEST to the SH3 domain of p130cas. 

Recognized as a direct target for the YopH PTPase during yersinia infection (8), 
p130cas was identified as a major substrate for tyrosine kinase in v-crk transformed 
cells (9). In normal cells. p130cas become highly phosphorylated following integrin 
dependent activation of the fak and src kinases (10, 11). This phosphorylatran appears 
to allow a series of tyrosine dependent signalling that has among other consequences 
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the actin filament reorganization. Because of the importance of integrin signalling In 
cell cytoskeleton, motility and transfomtation. the action of PTP-PEST on p130cas may 
have dramatic consequences in mammalian development as well as in some physio- 
pathological events. The process of cell migration is crucial for the correct development 

5 of a mammalian embryo. In an adutt organism, cell migration still plays an important 
role in events like invasion of a wounded space by fibroblasts and endothelial cells and 
translocation of lymphocytes and neutrophils to an inflammation site. In cancer, tumor 
cells also have to migrate in order to reach the circulatory system and disperse 
throughout the organism. It is therefore important to assess the physiological 

10 importance of PTP-PEST and of substrates thereof, such as pISOcas in cell motility 
by providing PTP-PEST negative cells. Inhibitors of this enzyme could be valuable 
therapeutic agents. 

The driving force for cell mobility is acHn polymerization/depolymerizahon. which 
is under the control the Rho family of G proteins. The three most studied members of 
15 this family, rho. rac and cdc42. control respectively the fom^ation of focal adhesions, 
membrane ruffles and fitopodia. Membrane ruffles and filopeida consist of actin-nch 
membrane protmsions that a cell uses to extend itself fonward; the difference between 
the two lies in the fact that the ruffles are formed by a network of intertwined actin 
filaments that shape them, whereas filopodia assume a hair-like confomiation. 
20 Focal adhesions are the sites of contact between the extracellular matrix and 

the cytoskeleton through the integrin family of transmembrane proteins (12). They 
contain many structural proteins such as talin. tensin and a-actinin. as well as 
important tyrosine kinases like FAK. src. and csk. that are activated upon extracellular 
matrix binding. Multimeric protein complexes are then fomied which contain many 
25 different adapter proteins, such as pISOcas. she. grb2. crk and nek. These interactions 
confer an important role to focal adhesions in signal transduction pathways. They also 
represent the most important site of tyrosine phosphorylation in a cell, to a point where, 
following plating of cells on an extracellular matrix, focal adhesions can be stained 
using anti-phosphotyrosine antibodies. 
30 If the identification of proteins involved in focal adhesion formation and 

disassembly proceeds at a rapid rate, the roles that each of them play only slowly start 
to be elucidated. Recent results show a direct correlation between FAK activity and 
migration speed, and that this effect was the result of a hyperphosphorylation of 
piaocas by the src kinase (13). The viial form of src. v-src. also increases focal 
35 adhesion turnover in the transfomned cell, and its catalytic activity was shown to be 

required for this effect (14). 

Much less is known about the roles of protein tyrosine phosphatases (PTP) in 
general, and in cell migration in particular. One exception is the bacterial PTP Yersinia 
YopH that, once translocated in a cell, dephosphorylates p130cas and FAK. and 
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destabilizes focal adhesions (8). It appears that p130cas has an important role to play 
in focal adhesion. 

We studied the role of a PTP that has p130cas as its main substrate, PTP- 
PEST (6). PTP-PEST contains the typical phosphatase catalytic domain and several 
5 proline-rich regions that were shown to interact with several signalling proteins like 
p130cas. Grb2 (4) and paxillin (15). Furthennore, we also reported that a NPLH motif 
was responsible for a constitutive association between PTP-PEST and the PTB 
domain of the adaptor protein She (5). 

Even though PTP-PEST, like the other members of its family, was described 
10 as a cytosolic protein (3), we have recently shown that it translocates to the membrane 
periphery after cell attachment to fibronectin. 

Identification of physiological substrates of protein tyrosine phosphatases is a 
key step in understanding the function of these enzymes. Mutations of invariant amino 
acids in the catalytic domain of PTPases produce inactive enzymes that are 
15 nevertheless able to complex with their tyrosine phosphorylated substrates. 

As a mean to isolate putative substrate of PTPs, cysteine 215 to serine or 
aspartic acid 181 to alanine mutants within the catalytic domain of PTP1B have been 
identified as substrate trapping intennediates (2). Such mutants are an important tool 
in the study of the functions of PTPs. Unfortunately, before performing substrate 
20 trapping experiments, the phosphotyrosine content of the protein source must be 
increased. Two approaches are currently used: 1- physiological stimulation of cells, 
such as with EGF, triggers a cascade of tyrosine phosphorylation events (4) but will 
results in the tyrosine phosphorylation of a limited number of proteins and 2-treatment 
of cells with pervanadate of inhibit intracellular PTPases (6) will result In a very high 
25 number of proteins being tyrosine phosphorylated, but some of them not on 
physiological sites giving rise to potential artifacts. Overall, it is unlikely that both of 
these approaches will result in the identification of all genuine substrates of a given 
PTPase and alternative strategies should be envisaged. 

In view of the foregoing, there is a need to investigate the physiological 
30 importance of phosphotyrosine phosphatases and their substrates. There is further a 
need to elucidate the role of PTP-PEST in cell migration and to provide agents capable 
of interfering therewith, and this, for the purpose of developing therapeutic agents. 

SUMMARY OF THE INVgMTIOM 
35 This invention provides novel therapeutic agents for treating diseases having 

any of the following etiological components: cell proliferation, cell migration, 
inflammation and angiogenesis. 

Such novel therapeutic agents are derived from the entities participating in the 
complexing of the protein tyrosine phosphate PEST (PTP-PEST) with signalling 
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molecules involved in ceil migration, focal adhesion and ceil proiiferation. 

In a specific embodiment, the signalling nrK5lecules are pl30cas and paxillin, the 
former being the only substrate known up to date for PTP-PEST. 

Binding studies involving these two substrates resulted in the finding of peptides 
5 retaining binding capacity to the substrates. These peptides are prototypes of agents 
capable of interfering with the binding of PTP-PEST to its substrate{s). These peptides 
are considered to be therapeutic agents capable of competing wittt the native PTP- 
PEST for the binding of substrates or other signalling molecules. 

Another object of the invention is the finding of genuine substrates of enzymes 
10 such as phosphatases. Fibroblasts rendered null for the expression of PTP-PEST have 
a set of tyrosine hyperphosphorylated proteins. This hyperphosphorylation state is 
detectable by the use of ligands such as anti-phosphotyrosine antibodies. These null 
cells have been used in combination with a substrate-trapping mutant enzyme, which 
catalytic site has been rendered inactive. As a result amongst the hyperphosphorylated 
15 proteins, pl30cas has been identified as the sole substrate for PTP-PEST in 
nbroblasts. 

ppynp ipjinM of the s pecific embodiments of THE INVENTION 

This invention will be described hereinbeiow by referring to specific examples 
20 and appended figures, which purpose is to illustrate the invention rather than to limit 
its scope. 

ppiPP DESCRIPTION OF THE FiGURES 

Figure 1: la, b and c illustrate the making of a PEST null mouse. 
25 Figure la) is a targeting vector map of the vector used to create a PTP-PEST null 
mouse; 

Figure lb) is a Southern blot of ES cells showing a 2 KB deletion in PEST allele; and 
Figure 1c) is a Western blot of embryos of different genotypes {+/'^. -^/* and •/-). 
Figures 2.1 to 2.8 show the early evolution of the deformities observed in PTP-PEST 
30 null mouse embryos. 

Figure 3 shows a Western blotting of and wt embryos using anti-phosphotyrosine 

antibodies. 

Figure 4 Gene targeting of the PTP-PEST suppresses fibroblast motility on the 
extracellular matrix fibroneciin. Monolayers of each cell line were wounded and 
35 maintained at 37"C for 72 hours before fixing. The ability to migrate into the wound 
was monitored by phase contrast microscopy of unstained cells which were 
photographed ( 100 X magnification). The aspect of each wound represents the rypical 
result obtained after 5 independent experiments. Migration is affected in panel B(-/-) 
compared to panel A {♦/-). 
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Figure 5 Immunofluorescence images of PTP-PEST heterozygote (a.b.e.f) and 
homozygote (c.d.g.h) cells plated on fibronectin. After 25 minutes (a-d), there are no 
qualitative differences on the actin filaments, stained using a rhodamine-phalloidin 
conjugate (a,c) or in the focal adhesions, stained with a anti-vlnculln antibody and 
5 highllted using a FITC-conjugated second antibody (b,d). However, vifhen the cells 
were left for 3 hours before fixing, the +/- cells became rounded (e) and only formed 
punctual focal adhesions at their periphery (f), wheras the -/- cells continued to spread, 
forming numerous stress fibers (g) and large focal adhesion plaques scattered 
throughout their ventral surface (h). Magnification: 1000 X. 

10 Figure 6 Constitutive tyrosine phosphorylation in PTP-PEST (+/-) and (-/-) cells of 
cortactin, FAK and paxillin. pl30cas was already shown to be a substrate for 
PTP-PEST (6) and to be hyperphosphorylated in the PEST(-/-) cells and is included 
here as a control. Only paxillin was found to be hyperphosphorylated, and this 
phosphorylated fomn corresponded to the upper band of the paxillin doublet obtained 

15 when blotted with the anti-paxillin antibody (right panel). Tyrosine phosphorylation of 
the focal adhesion component vinculin could not be detected in either cell line, possibly 
because the cells were not stimulated. 

Figure 7 Constitutive phosphorylation of PSTPIP in unsynchronized PTP-PEST(+/-) 

and (-/-) cells. PSTPIP was immunoprecipitated in non-denaturing conditions and 
20 probed with a HRP-conjugated anti-phosphotyrosine antibody. PSTPIP was 

hyperphosphorylated in the (-/-) cells and seems to form more complexes with other, 

yet-unidentified tyrosinephosphorylated proteins (right lane). 

Figure 8 Staining of unsynchronized PTP-PEST (-/-) ceils plated on uncoated tissue 

culture glass slides using rhodamine-conjugated phallokJin. The arrows indicate the 
25 cleavage furrows of two pair of cells found in M-phase inside the same field. 

Magnification: 400 X. 

Figure 9 Southern blot and Northern blot analyses of DNA and RNA isolated from the 
PTP-PEST+t- and -/- cell lines established from primary cultures of embryos isolated 
from the PTP-PEST knock-out mice. A) Genomic DNA was digested with BamHI and 

30 probed with a KpnI/SacI fragment of the PTP-PEST cDNA. The 12 kb band 
con-esponds to the wt allele while the 7 kb band corresponds to the targeted allele. WT 
DNA was also included as a positive control. B) a transcript of 3.8 kb was detected in 
PTP-PEST +/- cell lines but 5 was absent in the PTP-PEST-/- cell lines by Northern 
blotting. RNA isolated from WT fibroblasts vras included as a positive control (upper 

35 panel). The blot was also probed with GAPDH (lower panel) to ensure equal loading. 
Figure 10 Analysis of the phosphotyrosine profile of the PTP-PEST +/- and -/- cell 
lines. A) 15 pg of lysate of PTP-PEST +/- and -/- was analysed by antiphosphotyrosine 
immunoblotting (first two lane). Antiphosphotyrosine Immunoprecipitations from the 
PTPPEST +/- and -/- cell lines were also analysed by antiphosphotyrosine 
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immunoblotting. Hyperphosphorylated proteins of 180. 130 and 97 are detected in the 
PTP-PEST-/- cells. B) p130cas is hyperphosphorylated in the PTP-PEST deficient cell 
line (PTP-PEST-/-). Upper panel. p130cas was immunoprecipitated from PTP-PEST 
+/- and -/- cell lines and the phosphorylation level was analyzed by 
5 antiphosphotyrosine immunoblotting using the 4G10 monoclonal antibody. Lower 
panel, equal amounts of p130cas in the TCL and immunoprecipitates was conflmied 
by stripping the blot and reprobing with anti-pi 30cas B+F. 
Figure 11 Substrate trapping experiment in PTP-PEST deficient cells (-/-) lysate 
denotes p130cas as a physiological and specific substrate for PTP-PEST. The 
1 0 substrate trapping experiments were performed by incubating 1 mg of cell lysate from 
PTP-PEST +/-, -/- and pervanadate treated COS-1 cells with 100 ng of either 
GST-PTP-PEST WT (aa 1-453) or GST-PTP-PEST C231S (1-453). The bound 
proteins were analyzed by antiphosphotyrosine western blotting using 4G10 
monoclonal antibody (top panel) or, after stripping the blot, with anti-p130cas B+F 
15 (middle panel). A coomassie blue stained gel of the GST fusion proteins used in the 
substrate trapping is shown in the bottom panel to show integrity of products and as 
a loading control. Two arrows are drawn next to the ppl30 (phosphorylated pl30 
proteins) to emphasize the diffuse band. 

Figure 12 PTP-PEST associates with the SH3 domains of p130cas. Hefl and Sin in 
20 vitro. HA-PTP-PEST transfected COS-1 cell lysate (1 mg) were incubated with 100 ng 
of either the GST linked SH3 domains of p130cas. Hefl. Sin or with GST alone 
prebound to glutathione sepharose. Following extensive washing, the proteins were 
eluted, separated by SDS-PAGE and analyzed by western blotting for the presence 
of HA-PTP-PEST using the 12CA5 monoclonal antibody (left panel). In the right panel. 
25 a coomassie blue stained gel of the GST fusion proteins used in the In vitro binding 
assay is shown to verify integrity of the products. 

Figure 13 PTP-PEST proline rich region 1 (Prol) is responsible for the interaction with 
the SH3 domains of the family of adaptor molecule p130cas, Sin and Hefl. A) 
Schematic representation of the PTP-PEST GST fusion proteins encoding for the 

30 different proline rich region of PTP-PEST (Prol-5) used in the fanvestem binding assay. 
B) Coomassie blue stained gel of 100 ng of the PTP-PEST fusion proteins used in the 
farwestern assay and is also representative of the protein found on the PVDF 
membrane. Three blots containing the PTP-PEST fusion proteins were respectively 
incubated overnight with [32P]radiolabeled GST SH3 domains of p130cas (C). Sin (D) 

35 and Hefl (E) and following extensive washing, the blots were exposed 20 min to X-ray 
film. 

Figure 14 PTP-PEST and p130cas associate in vivo. Myc-tagged p130cas vector or 
a Myc SH3 domain p130cas vector was co-transfected with HA-PTP-PEST. WT or 
C231S. in 293T cells and the presence of the various Myc tagged p130cas proteins 
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were analyzed in the 1075 immunoprecipitates of the PTP-PEST protein. A) schematic 
representation of the myc-tagged p130cas proteins used in the coimmunoprecipitation 
experiment and B) Following coimmunoprecipitation and extensive washing of the 
complexes, the bound proteins were resolved on SDS-PAGE, transfered to PVDF and 
5 analyzed by western blotting using antl-Myc 9E1 0 monoclonal for the presence of the 
various Myc tagged p130cas proteins. As a negative control. HA-tagged T-cell PTP 
(HA TC-PTP) was cotransfected with the Myc p130cas construct and was 
immunoprecipitated with anti-HA 12CA5. The full length Myc-p130cas proteins migrate 
just above 130 kDa and the MycSH3 domain of p130cas migrates at 30 kDa. C) 

1 0 Western blotting of the TCL with 9E1 0 and 1 2CA5 antibodies to visualize the different 
Myc-p130cas proteins, the HA-PTP-PEST and HA-TC-PTP respectively. 
Figure 15 Paxillin is associated with PTP-PEST in various mouse tissues. PTP-PEST 
was immunoprecipitated from 1 mg of liver, brain, heart, kidney, lung, spleen and 
thymus lysates and the presence of associated paxillin f was ascertained by westem 

15 blotting using an antibody against paxillin. Paxillin was found In PTP-PEST 
Immunoprecipltations from liver, brain, heart, lung, spleen and thymus but not In kidney 
lysates. No paxillin was detected In prelmmune Immunopreclpltatlon from liver lysate. 
Figure 16 Pro 2 of PTP-PEST is required for paxillin binding in NIH 3T3 cells. A) 
Schematic representation of the PTP-PEST GST fusion proteins used in the binding 

20 assays. Deletion mutants (B) or proline rich motifs (C) of the PTP-PEST C-terminus 
were incubated with NIH 3T3 cell lysate and bound paxillin was monitored by westem 
blotting (top panels). A Coomassie blue stained gel of the fusion proteins used in the 
binding assay Is shown In the bottom panels of B and C. 

Figure 17 Pro 2 of PTP-PEST Is essential for binding to paxillin in vitro and in vivo. A) 
25 HEK 293-T cells were transiently transfected with either HA-WT or HA APro 2 
PTP-PEST. 200 Mg of the Indteated lysates were incubated with either GST Paxillin N. 
GST Paxillin C, GST SH3 p130Cas or GST alone. Bound PTP-PEST was monitored 
by westem blotting with the anti-HA antibody 12CA5 (Top panel). 5 pg of TCL were 
also blotted with the 12CA5 antibody to verify comparable expression of HA-WT and 
30 HA-APro 2 PTP-PEST. The presence and Integrity of the GST fusion proteins was 
verified by reprobing the blots with a polyclonal antibody against GST. B) HEK 293T 
cells were transiently transfected with either: Mock (empty pACTAG), HA-WT, 
HA-APro1 or HA-APro 2 PTP-PEST plasmids. The proper expression of each 
construct was verified by immunoblotting 5 pg of TCL with the anti HA antibody 1 2CA5 
35 (Top panel). Paxillin was immunoprecipitated with a monoclonal antibody and the 
presence of PTP-PEST was assessed by Immunoblotting with the antl-HA antibody 
12CA5 (Middle panel). Equal precipitation of paxillin from each sample was verified by 
reprobing the blot with a monoclonal antibody against paxillin (Bottom panel). 
Figure 18 Mutant P362A of Pro 2 on PTP-PEST abolishes binding to paxillin in vitro. 
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A) Schematic representation of the proline to alanine mutants of the GST PTP-PEST 
Pro 2 construct (aa 344-437). The region shown represents the paxillin binding site 
identified in figure 3. B) The GST Pro 2 as well as the eight proline to alanine mutants 
were purified and incubated with 200 pg of NIH 3T3 cell lysate. Bound paxillin was 
5 monitored by immunoblotting with a monoclonal antibody against paxillin. C) To verify 
expression as well as integrity of the fusion proteins used in the binding assay, an 
aliquot of each binding assay was separated by SDS-PAGE and the gel was stained 
with coomassie blue. 

Figure 19 LIM domains 3 and 4 of paxillin are required for binding to PTP-PEST in 
10 vitro. A) Schematic representation of a panel of paxillin LIM domains GST fusion 
proteins used to identify the PTP-PEST binding site. B) The paxillin GST fusion 
proteins were purified and incubated with HEK 293T cell lysates transiently expressing 
HA-PTP-PEST. Bound PTP-PEST was detected by immunoblotting with the anti-HA 
antibody 12CA5 (top panel). The expression as well as the integrity of each fusion 
15 protein used in the binding assay was verified by Coomassie blue staining of a gel 
containing the resolved proteins. 

Figure 20 LIM domains 3 and 4 of paxillin are required for binding to PTP-PEST m 
vivo. HEK 293-T cells were transiently co-transfected with HAPTP-PEST and either 
pcDNA3. WT, ALIM3 or ALIM4 avian paxillin. A) 48 h after transfection. paxillin was 
20 immunoprecipitated from each lysates with a avian specific polyclonal antibody and the 
co-precipitation of PTP-PEST was assayed by immunoblotting with the antl-HA 
antibody 12CA5. B) The blot was reprobed with a rrwnoclonal antibody against paxillin 
to verify equal precipitation. No paxillin was detected in the empty vector (pcDNA3) 
sample. C) HA-PTP-PEST expression levels were monitored from each transfection 
25 by immunoblotting 5 pg of TCL with the anti HA antibody 12CA5. 

Figure 21 Intact LIM 3 and LIM 4 of paxillin are required for binding to PTP-PEST. 
PCDNA3. WT or mutant paxillin (ALIM 3. C467A. C470A, C467/470A. AUM4 and 
C523S) were in vitro translated in the presence of ^^Smethionine. These in vitro 
translated products were incubated with GST-PTP-PEST Pro 2 (344-397). Following 
30 repeated washes of the GST matrix, bound proteins were separated on 10% 
SDS-PAGE and bound proteins were visualized by a 8 hour exposure to film (top 
panel). GST alone was incubated with WT paxillin and serves as a negative control. 
In the bottom panel. 15% of the amount of each paxillin products used In the binding 
assay demonstrate integrity of the products (8 hours exposure). 
35 Figure 22 Paxillin is not a substrate for PTP-PEST. Lysates of NIH 3T3. NIH 3T3 
expressing Src Y527F and NIH 3T3 treated with pervanadate were Incubated with four 
different PTP-PEST GST fusion proteins: C-Temiinus (aa 276-775). 1-453 WT. 1-453 
C231 S and 1-354 C231 S. A) Bound proteins were resolved by SDS-PAGE and 
tyrosine phosphoiylated proteins were detected by immunoblotting with an 
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antiphosphotyrosine antibody. The blot was reprobed with anti paxillin (B) and 
antl-p130Cas (C) monoclonal antibodies. D) The expression and integrity of each 
fusion proteins was verified by Coomassie blue staining of the PVDF blots. 
Figure 23 Model for PTP-PEST functions in the disassembly of focal adhesions. A) 
5 Simplified model of the proteins involved in focal adhesions. PTP-PEST recruited to 
focal adhesions by a yet unknown mechanism (14). It can then bind to the LIM 3-4 of 
paxillin and subsequently to the SH3 domain of p130Cas and dephosphorylate tyrosine 
residues (pY) on p130Cas essential for binding SH2 domain containing protein (such 
as Crk). By dephosphorylating p130Cas, PTP-PEST is believed to inhibit downstream 
1 0 signalling from Src. SOS and C3G. Csk associated to PTP-PEST can also Inhibit Src 
by phosphorylating the negative regulatory sites of Src. B) The consequence of 
PTP-PEST recruitment to focal adhesions is the binding to paxillin and p130Cas. Both 
the LIM 3 of paxillin (19) and the SH3 domain of p130Cas (40) are essential fox 
targeting these proteins to focal adhesion. By binding to PTP-PEST. we propose that 
1 5 they both of these proteins would relocate to the cytoplasm. Focal adhesion formation 
is further inhibited by the inactivation of Src activity by PTP-PEST associated Csk. 
These events implicating PTP-PEST would favor the breakdown of focal adhesions 
and enable cell migratton before focal adhesions are reassembled. 
Figure 24 illustrates alignment the complete sequences of mouse and human PEST 
20 (SEQ ID NOs: 1 and 2, respectively). The proline rich domains are boxed and are very 
conserved amongst species. 

Using the fibroblast cell lines where PTP-PEST was removed by gene targeting, 
we studied the migration capabilities and the number of focal adhesions in cells lines 
homozygote and heterozygote for the mutation. Since the (-/-) cells showed a marked 
25 decrease in migration and increase in focal adhesions, we then verified the 
phosphorylation state of important tyrosine phosphorylated proteins found in focal 
adhesions. The one that was found to be constitutively hyperphosphorylated, besides 
pi 30cas whfch was already shown to be a substrate, was paxillin. Paxillin was recently 
shown to be associated with PEST (15) but it is not known if it is a physiological 
30 substrate for this phosphatase. From this information, we concluded that PTP PEST 
plays an important role in cell migration, possibly by helping the breakdown of focal 
adhesions via the dephosphorylation of p130cas and/or paxillin, directly or indirectly. 

During our experiments with the PEST (-/-) cells, we now observe a high 
occurrence of cells with two nuclei separated by a cleavage furrow, a phenotype we 
35 first associated with the migration impaimient that would slow the process of cell 
division and increase the population of cells found in M phase. A cleavage furrow- 
associated protein that is also a substrate for another PEST-like phosphatase, PTP 
HSCF. was recently cloned (16). Since this protein, called PSTPIP, associates with a 
domain on PTP HSCF that is also found in PTP PEST, we verified the phosphorylatfon 
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state of PSTPIP in the (-/-) cells to find that it was also hyperphosphorylated. So. 
whether PSTPIP is a direct substrate or not. we concluded that PTP PEST could also 
play a role in cytoskeleton rearrangement during cell mitosis. This reinforces our 
assumption that interfering with the binding of PTP-PEST with its substrate(s) would 
5 provide valuable therapeutic tools (anti-inflammatory, anti-angiogenic and/or anti-tumor 

agents). 
EXAMPLE 1 

r^t^y^p ir ^i^n nf a kn nnk out mouse PTP-PEST (-/-); 

A targeting vector was generated following the genomic mapping of the PTP- 
10 PEST locus, that eliminate exon 4 to exon 7 of PTP-PEST gene encoding essential 
domain of the PTPase catalytic domain. Following electroporation of 2 x 107 J1 
embryonic stem cells (13.14) 7 out of 223 clones lost one of the wt allele and 
presented the 7.0 kb diagnostic band by Southern btot analysis. Chlmaeric mice were 
generated with two independently isolated +/- cell line and gemiline transmission of the 
15 targeted allele was obtained with both. Crossing heterozygous mutants resulted into 
a 2 to 1 ratio of heterozygotes to wiW type animals and the complete absence of 
homozygous animals, demonstrating that absence of PTP-PEST resulted In embryonic 
lethality. The heterozygotes animals remain asymptomatic throughout their normal 
lifespan. Dissection of pregnant heterozygous mothers show that homozygous mutants 
20 appear abnomial by 9.5 embryonic day (9.5 dpc). In most homozygous embryos, 
visible examination show a clear retardation of caudal development, a failure of neural 
tube closure and of embryo turning by day 9.5. However, few emb^ros reach 10.5 dpc 
of development, but show a significant reduction in size. 

Histological analysis of various embryos indicate that at 7.5 dpc normal 
25 gastrulation appear to be present with the three gemn layers appearing morphologically 
normal (Fig 3.1). Similariy. typical yolk salk formation is present in all embryos detected 
(Fig 3.2 b). The first indication of abnormal development is seen at 8 dpc where the 
neuroepithellum development seems to be defective (data not shown). Examination 
of 9.5 dpc homozygous embyros led to the detection of clear defect during the late 
30 neural tube development and somite formation (Fig. 3.3 to 3.5). These defects are 
more striking in the caudal region. Finally by 10.5 dpc degeneration of mesenchyme 
and neurepithelium has progressed significantly on those that survived and went 
through embryo folding. Strikingly, the phenotype is seen as a deformed embryo with 
receding caudal region (Fig. 3.6). This is confirmed by the histological section of the 
35 embryo. In some homozygous embryos, a striking mesenchymal manifestation seen 
is the depletion/absence of splanchnopleure in the poorly developed gut epithelium 
(Fig. 3.6). In the mutant embryo, the mesenchynr^e comprising the septum transversum 
is depleted and in degeneration (Fig. 3.7). The hepatic divertfculum fails to develop and 
no fetal liver develops (Fig. 3.8). 



wo 99/61467 



-11 - 



PCT/CA99/0046I 



Because of this last observation and the known PTP-PEST expression in the 
developing and adult liver we investigated specifically the hepatic developing system. 
As a first step, we looked for the presence of diagnostic hepatocyte mRNA by in situ 
hybridization. We focused on the albumin mRNA expression, because it is expressed 
5 at the onset of hepatic specification and is restricted to the developing hepatocytes 
(41). We could detect albumin mRNA as early as 9.5 dpc in. wild type embryos no 
albumin expression could be found in the PTP-PEST null embyros indicating that the 
hepatic development was perturbed at the earliest stages of development. This was 
also the case for the 10 dcp embyros as which stage, in normal embryos, the liver is 

10 one of the most preeminent organs (data not shown). We also analyzed HNF-3a 
expression which is normally found in the developing liver, gut, notochord and 
floorplate of the neural tube (42-45). As with albumin, HNF-3a was not detected in any 
PTP-PEST -A cells which resembled hepatocytes. However, gut. notochord and the 
floorplate of the neural tube all stained positive with HNF-3a message indication that 

15 the development of tissues, at least at a superficial level was relatively unaffected by 
the absence of PTP-PEST. 

The possibility remain that some of the defect could be caused by indirect 
effects on vascularization. Although the early vascular system appear nonmal, in order 
to verify more precisely its status in the homozygous embryos, heterozygous animals 

20 were mated with a tansgenic line expressing the lacZ reporter gene under the 
transcriptional control of the endothelial-specific tek promoter. Heterozygous PTP- 
PEST embryos carrying the transgene were backcrossed to obtain homozygous PTP- 
PEST embryos canying the transgene. Homozygous lacZ-tek carrying PTP-PEST E9 
mutants were stained with Xgal and whole mount and cross-section of these embryos 

25 were examined. Homozygous animal possessed a normal but slightly retarded 
developing vasculature, confirming that vascularization was not responsible for the 
unique phenotypic appearance of the -/- PTP-PEST embryos. 

The appearance of hyperphosphorylated plSOcas in the -/- fibroblasts was an 
important indicator of the physiological relevance of the PTP-PEST p130cas 

30 interaction. In order to verify if pi 30cas as well as other potential substrates could be 
detected, wt and embryos were isolated, directly lysed into SDS-Page lysis buffer, 
and subjected to Western blot analysis using a antiphosphotyrosine antibody. A major 
band of 130 kd was hyperphosphorylated. 

35 CELL MIGRATION AND FOC AL ADHgRIONi ARE AFFECTED IN PTP-PEST U-) 
CELL S: 

Materials and Methods 
Antibodies 

The mouse polyclonal antf-PIP antibody raised in our laboratory against PIP C- 
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terminus is described in (75). The mouse monoclonal anti-cortactin is a gift from Dr. 
J. Thomas Parsons, University of Virginia. Chartottesviile. VA. The following antibodies 
were purchased as indicated: rabbit antl-FAK (A17) and rabbit anti-p130cas (C20) from 
Santa Cruz Biotechnology. Inc. (Santa Cruz. CA); mouse antl-paxlHin from 

5 Transduction Laboratories (Lexington, KY); mouse anti-vinculin (hVIN-1) from Sigma 
(St-Louis, MO); horseradish peroxidase (HRP)-conjugated anti-mouse and -rabbit IgG 
antibodies as well as FITC-conjugated anti-mouse antibody from Jackson 
Immunoresearch laboratories. Inc. (West Grove. PA). The anti-phosphotyrosine 
antibodies used were a mouse HRP-conjugated anti-phosphotyrosine antibody (pY20) 

10 from Transduction Laboratories and the mouse monoclonal 401 0. 
Cell culture 

The PTP-PEST +/- and -/- cell lines have been previously described. The celte 
were maintained in DMEM medium supplemented with 10% serum. L-Glutamine and 
Penicillin/Streptomycin . 
15 Wound-healing migration assays 

The capacity of each cell line to migrate on fibronectin was monitored as 
follows: Falcon chamber slides (Becton Dickinson. Franklin Lakes. NJ) were coated 
overnight atA'C with a solution of fibronectin (10 pg/ml) in phosphate-buffered saline 
(PBS. 10 ml^ sodium phosphate. 140 mM NaCI, pH 7.4). Cell were plated at 60% 
20 confluence in nomial (10% serum) medium. After attachment, the monolayers were 
wounded by scoring with a sterile plastic 1 ml micropipette tip. Each well was then 
washed and fed daily with nonnal medium. After 3 days, the cells were fixed with 0.2% 
giutaraldehyde in PBS for 5 minutes at room temperature and photographed using a 
low-magnification phase-contrast microscope. The extent of migration into the wound 
25 area was evaluated qualitatively. 
Immunofluorescence 

The cells were plated on fibronectin-coated slides (described above) for 20 
minutes or 3 hours. They were then fixed 20 minutes with 4% (w/v) paraformaldehyde 
(PFA) in PBS and permeabilized with 0.1% (v/v) Triton X-100 in 4% PFA for another 
30 20 minutes. The slides were blocked with 1% (w/v) bovine serum albumin (BSA) in 
PBS for 20 minutes. The cells were then incubated wrth the anti-vinculin antibody 
(1/400 dilution in PBS) for 1 hour at room temperature, washed three times with PBS 
and stained with a mixture of FITC-conjugated anti-mouse antibody (1/200) and 4 pi 
per well of TRITC-conjugated phalloidin (Molecular Probes Inc., Eugene, OR). After 
35 being washed 3 times with PBS, the coverslips were mounted in a 1:1 mixture of 
glycerol and 2.5% 1.4-Diazabicycto [2.2.21octane (DABCO) (Sigma) in PBS. The cells 
were visualized with a Nikon fluorescence microscope. 

For cleavage furrow staining, the cells were plated at low confluency on 
uncoated glass slides and left overnight in 10% serum-containing medium. The cells 
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were then fixed, permeabilized and blocked as described above. Rhodamine-phalloidin 
was added at 4mI per well for 1 hour, then washed and mounted as described above. 
Protein immunoprecipitation and immunoblotting 

Dishes of cells were washed with PBS supplemented with 1mM of sodium 
5 vanadate, harvested, lyzed. and evaluated for protein content using the Bio-Rad 
Protein Assay (Hercules, Ca). For the immunoprecipitations of paxillin and cortactin, 
the cells were lyzed in RlPA buffer (50 mM Tris-HCI pH7.2, 150 mM NaCI. 0.1% SDS. 
0.5% sodium deoxycholate, 1% Nonidet P40). For FAK. PSTPIP and PSTPIP2 
immunoprecipitation, the cells were lyzed by sonication in HNMETG (50 mM HEPES 
10 pH 7.5. 150 mM NaCI.1 .5mM MgCI^, ImM EGTA, 1% Triton X-100. 10% glycerol) . For 
vinculin and pISOcas, the lysis buffer used was TNE buffer (10 mM Tris HCI pH7.5, 
1mM EDTA, 150 mM NaCI. 1% Nonidet P40). All the lysis buffers were supplemented 
with ImM of sodium vanadate and COMPLETE protease inhibitor mixture (Boehringer 
Mannheim). 

15 For each immunoprecipitation, 500 pg of total cell lysate was incubated with 

1 pg of antibody and 30 pi of protein-G Agarose (GIbco BRL) in 1 ml of their respective 
lysis buffer (supplemented with vanadate and protease inhibitors) at 4»C for 90 
minutes. The beads were then washed 3 times (the last wash for 15 minutes at 4''C) 
in their respective buffers, except FAK, PSTPIP and PSTPIP2 which were washed in 

20 HNTG buffer (lOmM HEPES pH7.5. 150 mM NaCI. 0.1 % Triton X-100, 10% glycerol), 
and resuspended in 30 pi of SDS-PAGE loading dye. 

The western blots were performed following common procedures; the proteins 
were transferred on a PVDF membrane, blocked and probed with the corresponding 
antibody in the same blocking buffer (1% BSA, 1% (v/v) goat serum, 0.1% Tween, in 

25 PBS). The following dilutions were used for the primary antibodies: 1 :3000 for 4G1 0; 
1:10,000 for anti-paxillin; 1 :1000 for anti-vinculin, anti-p130cas. anti-cortactin and the 
HRP-conjugated pY20; 1:100 for anti-FAK. The secondary antibodies were used at a 
1:10.000 dilution. The Renaissance™ chemiluminescence kit (NEN™ Life Science 
Products, Albany. New York) was used for detection. 

30 Results 

PTP-PEST'/' cells have a decreased motility on fibronectin 

Two recent reports suggested an indirect correlation between p130cas 
phosphorylation level and cell migration rate. In both of these articles, a kinase was 
transfected in the cells; one of them used v-Src, for which p130cas is a direct substrate 
35 (14). while the other overexpressed FAK, that, once activated, binds both c-Src and 
its substrate p130cas (13). 

Since p130cas is a substrate for PTP-PEST both in humans (6) and mice, and 
is constitutively hyperphosphorylated in cell lines where PTP-PEST is removed by 
gene targeting, we decided to investigate whettier the absence of this PTP could 
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Change the motility of these cells in the conditions where FAK and p130cas are 
activated. 

The two cell lines used are hetero- and homozygotes for the PEST deletion. In 
order to minimize any dominant negative effects firom the targeted allele, comparisons 

5 were made l)etween the homo^gote and the heterozygote cell lines. 

One of the simplest assay to qualitatively compare cell migration Is the 
woundhealing migration assay. Fibroblast monolayers plated on overnight 
fibronectin-coated slides were wounded at SyC and fixed after 36 hours. Figure 4 
shows a typical aspect of the wound for each cell line obtained after five independent 

10 experiments. The PEST (+/-) cells were able to migrate into the wound at a speed 
greater than the front of cells pushed in by proliferation (figure 4, panel A), virhereas the 
{-/-) cells show a complete absence of chemokinetism (figure 4. panel B) and were not 
able to actively invade the wounded area. 

PTP-PEST 'I- cells have an increase in number and size of focai adhesions 
15 The cytoskeleton of the cell plays an important rote in cell motility. We then 

investigated whether this observed migration impairment of homozygous cells could 
be caused by an abnormal organization of the actin filaments or by a visible difference 
in focal adhesions. Cells from each cell line were plated on fibronectin. The actin 
filaments were stained with a rhodamine-conjugated phalloidin, and the focal 
20 adhesions were highlighted by indirect immunofluorescence, using a mouse 
monoclonal antibody against vinculin and a fluorescin-conjugated anti-mouse 

secondary antibody. 

After 25 minutes, both cell lines showed membrane rufftes and filopodia, 
suggesting that the defect In migration is not caused by an incapacity to polymerize 
25 actin or to organize these structures. Large, immature focal adhesions were also found 
in each cell line, showing that the initial pathways forming these contacts are intact in 

(-/-) cells, (figure 5a-d) 

However, when cells were left for 3 hours on fibronectin before fixing and 
staining, the homozygous cells remained well spread, with big and numerous focal 
30 adhesion scattered throughout the ventral surface of the cell. Surrounding the cells are 
small, hair-like actin fibers that characterize cells in the eariy stages of apolar 
migration. The (+/-) cells, in contrast, are rounded, with well-defined edges and fewer 
focal contacts concentrated at the cell periphery, (figure 5e-h) 
Constitutive hyperphosphorylation ofp130cas andpaxlllin in the PEST -/-cell 

35 line 

To understand the differences observed in the size and number of focal 
adhesions between the two cell lines and since they differ only by the presence of 
PTP-PEST. we then verified the tyrosine phosphorylation state of specific focal 
adhesion proteins (Figure 6). 
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The adapter protein p130cas was already shown to be hyperphosphorylated, 
since it is a substrate for PTP PEST and is included here as a positive control. 

The other proteins immunoprecipitated and probed with an anti- 
phosphotyrosine antibody include cortactin and paxillin. Paxillin was shown to be 
hyperphosphorylated in the FAK knock-out, a knock-out that was also associated with 
a decrease In cell mobility and increase in focal adhesions (33). Paxillin 
phosphorylation was also recently shown to be required for cell spreading and focal 
adhesion formation (46). In this case also, paxillin was found in a hyperphosphorylated 
state. Paxillin was recently shown to associate with PEST (30). but whether it is a 
direct or indirect substrate of the PTP is still under investigation. 

Vinculin is a structural protein that links talin and actin when focal adhesions 
form. It can be tyrosine phosphorylated, but this phosphorylation does not seem to be 
implicated in focal adhesion formation, which is rather due to a confonnational change 
in vinculin following phosphatidyl inositol biphosphate binding (12). There was no 
detectable basal level of tyrosine phosphorylation of vinculin in both cell lines, possibly 
due to the fact that the cells were not stimulated, (data not shown). 

The last focal adhesion component to be investigated was FAK. The role of 
p130cas In migration was shown to reside in the pathways triggered by FAK (13), 
which is associated with the integrins and becomes active by trans-phosphorylation 
when they cluster. This phosphorylation of Y397 on FAK, which is the binding site of 
the Src kinase, was shown to be crucial for its role in cell migration. Figure 6 shows 
that FAK is not hyperphosphorylated in the PEST knock-out cells. 
Hyperphosphorylation ofPSTPIP in the PEST -/^ cells and effects on cleavage 
furrow formation 

While we Investigated the effects of PEST targeting In cell migration, another 
protein involved with the actin cytoskeleton. PSTPIP, was cloned and shown to be a 
substrate for a phosphatase of the PEST family, PTP HSCF (16). A putative coiled-coil 
region of PSTPIP interacts with the C-terminal, proline-rich region of PTP HSCF. a 
region that is present in all members of the PEST family, including PTPPEST. 

Using a polyclonal antibody raised against PSTPIP, we verified its tyrosine 
phosphorylation level in the PEST (-A) cells by immunoprecipitation, followed by an 
antiphosphotyrosine western blotting. Figure 7 shows that PSTPIP is 
hyperphosphorylated in the knock-out cell line, but whether PIP is a direct or indirect 
substrate is still under investigation. The same experiment was perfomied on 
PSTPIP2. a protein with high homology with PSTPIP that does not contain the SH3 
domain. The phosphorylation level of PSTPIP2 was similar In the +/- and the cell 
lines (data not shown). 

PSTPIP is homologous to Schizosaccharomyces pombe CDC15, an actin- 
associated protein that is Involved in the fonmation of the cleavage furrow during cell 
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division (47). During our manipulations of the PEST (-/-) ceils, we observed a high 
occurrence of cells that seemed blocked in cytokinesis, with the two daughter cells 
almost independent, but still attached to each other by an actin-rich junction. This 
phenomenon was postulated to be the resutt of a tonger M phase due to an impairment 
5 of the actin rearrangement during division. This phenomenon, although not quantified, 
was frequent in dividing -/- cells. Figure 8 shows the actin cleavage furrow ring as 
stained by rhodamine-phalloidin . 
Discussion 

Focal adhesion kinase (FAK) activation and focal adhesions formation are 
10 closely related events. Until recently, the exact order in which they occur following 
integrin stimulation was greatly debated. Recent experiments (48. 49) showed that 
FAK activation is a result of the focal adhesion fomtiation: due to the physical tension 
caused by the stess fiber formation in a cell, under the control of the rho GTPase. the 
associated integrins cluster and associate with other structural proteins like a-actinin 
15 and tensin (12). Since the FAK proteins are associated with the integrin. they then 
become in close proximity to each other and can trans-autophosphorylate in a way 
similar to receptor tyrosine kinases following extracellular ligand binding. This 
phosphorylation activates FAK and provides docking sites for other signal transduction 
protein that propagate all the integrin-triggered pathways. 

20 

However, this relation between focal adhesion formation and FAK activation is 
not strictly linear Amongst the signals sent by FAK, some were shown to feed back 
and play a role in the turnover rate of focal adhesions. The existence of such signal 
were concluded when the FAK knockout cell lines showed an increase in focal 
25 adhesion size and number (33). Recently. FAK was shown to play a role in migration, 
an event that requires focal adhesion fonnatton. This increase in migration occurs via 
the tyrosine phosphorylation of an adaptor protein. p130cas (13). 

We examined another cell line with a targeted gene, this time the cytosolic 
protein phosphatase PEST. Its main substrate both in human and mice was shown to 
30 be p130cas (6). and we recently showed that PEST can translocate to the membrane 
periphery following integrin activation, most probably in order to be able to reach its 
substrate which also translocates to focal adhesion when FAK is activated (9). 

The effects of PTP-PEST removal on cell migration and focal adhesion size and 
number were similar to the phenotype of the FAK knock out. Both showed a decrease 
35 of cell migratton using fibronectin as a extracellular matrix, and the presence of large, 
immature focal adhesions scattered on the ventral face of the cell (Figures 4 and 5). 
Even though FAK is a kinase and PTP-PEST is a phosphatase with a common 
substrate. p130cas. PEST does not seem to antagonize the effects of FAK in cell 
migration, but rather to potentiate these effects. This suggests the presence of a 
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mechanism where both a fomnation and a breakdown pathway are triggered at the 
same time to increase the turnover rate of the focal adhesion structures. Without the 
pathway required for focal adhesion breakdown, the contacts between the extracellular 
matrix and the cell are too strong, and the cell adheres and does not move (50). 

Interestingly, the FAK knock-out cells did not contain any hypophosphorylated 
focal adhesion components, but rather, like in this PEST knock-out, 
hyperphosphotylated proteins. The FAK knock-out showed hyperphosphorylation of 
cortactin and paxillin (p130cas was not tested). From these two, in the PEST 
knock-out. only paxillin is found in an hyperphosphorylated state, as well as pISOcas 
which is its physiological substrate. 

The phosphorylation of paxillin was shown to be associated with cell spreading 
on an extracellular matrix (46). It can associate to PEST (30). but whether it constitutes 
a physiotogical substrate for this phosphatase is still not clear. 

It is not known exactly what role PEST plays in cell migration and focal 
adhesfon formation. The absence of differences in the early stages of cell attachment 
to fibronectin (fig 6 a-d) suggests that PEST is not implicated in the formation of these 
structures. However, at equilibrium, differences appear (fig 3 e-h). The focal adhesions 
in the knockout cells are big and arrow head-shaped, which is a characteristic of 
immature focal adhesions. They are numerous and scattered throughout the ventral 
membrane of the cell, which can explain their absence of motily when tested in the 
wound healing assay. In contrast, the heterozygote cells became rounded, and their 
focal adhesions are ponctual are found only at the tips of their membranes, which is 
consistent wHh a cell that is migrating. This led us to believe that PEST is implied in 
focal adhesion breakdown but whether PEST actively breaks down the focal adhesion 
structures or normally shuts down a positive feedback for focal adhesion formation is 
not clearly demonstrated here. 

Studies using the tyrosine phosphatase inhibitor phenylarsine oxide showed 
that treatment of cells with this compound was sufficient to induce the fomiation of 
stress fibers even after starving them for 16 hours. They also showed that focal 
adhesion disassembly results in stimulation of phosphatase activy. which could be 
assayed using FAK and paxillin as substrates. Phenylarsine oxWe reacts with two thiol 
groups of closely spaced cysteine residues in the active site of the phosphatase. The 
PTP-PEST catalytic domain contains the sequence "'CSAGC'" (3; SEQ ID NO: 3), 
the cysteine at position 231 being crucial for its catalytic activity. That and the fact that 
paxillin is hyperphosphorylated In the PEST knock-out cell line suggest that PTP-PEST 
is a candidate phosphatase involved in the focal adhesion breakdown in the conditions 
studied in these experiments, and that this role can be put in parallel with its role 
deduced above in cell migration. 

This model for the role of a PTP in focal adhesion breakdown would suggest 
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that overexpression of the phosphatase would also inhibit cell migration, but this time 
by impairing the formation of the focal adhesions at the leading edge of the cell. 
Indeed, experiments involving another PTP that can dephosphorylate pi 30cas, PTP1 B 
(37). showed that overexpression of this phosphatase in rat fibroblasts decreased cell 
5 migration while increasing the time required for the cell to spread on fibronectin (51). 
This was linked to a disorded fonnation of focal adhesions. Interestigly, these cells 
eventually formed numerous, large focal complexes scattered over their ventral 
surface, like the ones found in the PTP-PEST-/- cells. These experiments and the ones 
presented in this paper suggest that an intermediate level of PTP activity towards 
1 0 p1 30cas is required for the formation of normal focal adhesions and for cell migration, 
which is consistent with a role in focal adhesions turnover. 

PTP-PEST may also play another role in the regulation of the cell cytoskeleton, 
this time via the cleavage furrow-associated protein PSTPIP. PSTPIP was originally 
identified as a binding partner and a substrate for the phosphatase PTP-HSCF (16). 
15 a PEST tyrosine phosphatase. PTP-HSCF dephosphorylates tyrosine residues in 
PSTPIP that are modified either by co-expression of the v-Src tyrosine kinase or in the 
presence of the unspecific PTP inhibitor pervanadate. One of these site, within the 
SH3 domain of PSTPIP, was shown to regulate the binding with the proline-rich region 
found on the Wiskott-AkJrich syndrome protein. WASP (52) and to controls aspects of 
20 the actin cytoskeleton. 

It has not been shown whether PTP-PEST binds direcUy PSTPIP, but peptWes 
derived from the C-terminus of PEST can compete the binding of PTP-HSCF to 
PSTPIP (16). Also, no experiments show that PTP-PEST can dephosphorylate 
PSTPIP, but the fact that PSTPIP is hyperphosphorylated in the PEST-/- cells (Figure 
25 7) suggest that PTP-PEST plays a role in modulating the phosphorylation level of 
PSTPIP. PTP-HSCF and another member of the PEST family, PTP-PEP. are not 
expressed in fibroblasts, and it is possible that PTP-PEST plays on PSTPIP a role in 
fibroblasts equivalent to PTP-HSCF in hematopoietic cells. The exact site that is 
hyperphosphorylated on PSTPIP is not known, and the effects of this 
30 hyperphosphorylation are still under investigation. One of them appears to be an 
increase in the relative amount of cells found in M-phase in a fieW of unsynchronized 
cells (Figure 8). possibly due to the role of PSTPIP in cleavage fun-ow fonnation. 
However, since the cultures of -/- cells grow at a rate comparable to the +/- cells, this 
effect appears to be secondary. It is also possible that this increase of PSTPIP tyrosine 
35 phosphorylation is the result, and not the cause, of the increase of the number of cells 
in M-phase. But since the hyperphosphorylation of PSTPIP is much more evident than 
the increase of cells in metaphase, the opposite is more likely. 

In this article, we reported two roles that a specific PTP. PTP-PEST, could play 
in regulating the cytoskeleton of fibroblasts. The first one. possibly via its capacity to 
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dephosphorylate p130cas, is to break down focal adhesions, an event which Is also 
required for cell migration on an extracellular matrix like fibronectin. PTP-PEST was 
shown to localize at the nnembrane periphery when COS cells were plated on 
fibronectin and this conliers to PTP-PEST a physiological role in cell migration, one that 
is not a secondary effect caused by overexpression. The fact that PTP-PEST is mostly 
found in a cytoplasmic pool (3) and can be recruited at will provides the cell a way to 
increase its focal adhesion turnover rate proportional to the stimulus, even when FAK, 
p130cas or v-Src are overexpressed (13, 14. 53). PTP-PEST also plays a role in 
modulating the phosphorylation level of PSTPIP. a protein that associates with the 
cytoskeleton (16). The role of this PTP-PEST activity is not known, whether it involves 
the binding of WASP to PSTPIP. the role of this latter in cleavage furrow formation or 
any other yet unknown function that PSTPIP possesses in fibroblasts. 
EXAMPLE 3: 

THROUGH THE IDENTIFICATI ON OF PUTATIVE SUBSTRATES OF PTPs: 

The fibroblast cells that we generated from knock out mice having a gene 
targeted PTP-PEST (-/-) was used to identify potential substrates with the premise that 
specific and physiological substrates of this enzyme would exist in a 
hyperphosphorylated state. Analysis of the phosphotyrosine profile of the -/- cells 
revealed the presence of hyperphosphorylated pi 80. pi 30 and p97. Since the protein 
p130cas was isolated from pervanadate treated cells using substrate trapping mutants 
of PTP-PEST (6), we have analysed its tyrosine phosphorylation status. Direct 
immunoprecipitates of p130Cas demonstrate that this protein is hyperphosphorylated 
In the -/- cells. In addition, a strong interaction between PTP-PEST and SH3 domain 
of the Cas-like molecule Hefl and Sin was observed in vitro. By combining genetic and 
biochemical strategies, we identify putative substrate of PTP-PEST. Indeed, we 
demonstrate for the first time that the Cas-iike molecules Hef1 and Sin associate with 
a proline rich motif on PTP-PEST via their SH3 domains and are thus potential 
substrate. Based on these results, the combination of gene targeting of a PTP and 
substrate trapping approaches can be reasonably applied to the identification of PTP- 
PEST and of other PTPases. 

During the search for PTP-PEST targets, the adaptor protein p130cas was 
identified as a substrate for PTP-PEST by substrate trapping experiments (6). Two 
"substrate trap" mutants, PTP-PEST D199A and C231 S, have been used to isolate the 
unique substrate p130cas from pervanadate treated Hela celt extracts. In a murine 
context, ligand dependent activation of the EOF receptor provides a way to induce the 
association of PTP-PEST C231S "substrate trap" mutant with a pp130 kDa protein not 
yet identified, but most likely p130cas (3). The recognHion of the tyrosine 
phosphorylated p130cas in pervanadate treated cell extracts by PTP-PEST D199A 
was recently shown to be severely impaired by the mutational inactivation of a proline 
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rich region (residue P"^) and the authors proposed a mechanism for PTP-PEST 
substrate recognition via the SH3 domain of p13Dcas (4). 

p130cas Is an adaptor protein composed of an SH3 domain, 2 proline rich 
regions, a substrate domain for tyrosine kinases containing 15 YxxP sites (54. 56) and 

5 a binding site for the SH2 domain of the Src kinases (YDYV motif). The SH3 domain 
of p130cas has been shown to interact with proline rich sequences found in FAK, FAK 
related nonkinase (FRNK) and PTP1B (37. 54. 55). In a recent study, the SH3 domain 
of p130cas was found essential for targeting p130cas to focal adhesions in 
non-transformed cells (9). The substrate domain of p130cas can interact in a 

10 phosphotyrosine dependent manner with the SH2 domains of v-crk (57), Crk (58). 
Crk-ll (59), CRKL (60), Nek (61) and several other yet unidentified SH2 domain 
containing proteins (57). pISOcas has been shown to become tyrosine phosphorylated 
following treatment of cells with EGF (58), NGF (59). PDGF (62) and also by integrin 
activation (63). The YDYV nrrotlf and the proline rich region at the C-termlnus of 

15 pISOcas are binding sites for the SH2 and SH3 domains of Src family of tyrosine 
kinases resulting in phosphorylation of other tyrosine resWues on p130cas by these 
kinases (64). 

Two other proteins share a high degree of homology with p130cas Hefl/Cas-L 
(65,66) and Efs/Sin (67.68). Because they have a similar modular structure to the one 
20 found on p1 30cas, Hefl and Sin belong to the pi 30cas family of adaptor proteins. The 
SH3 domains of Hefl and Sin are respectively 74% and 64% identical to the SH3 
domain of p130cas. The substrate domain of Hefl and Sin contains 13 and 8 YxxP 
motifs respectively. Many of these YxxP motifs are different than the motifs found in 
p130cas suggesting that Hefl and Sin couW Interact with different SH3 domain 
25 containing proteins. Hefl and Sin expresston is restricted to certain populations of cells, 
whereas pISOcas is ubkjuitously expressed. Hefl Is expressed mainly in hematopeitic 
cells (66). Much less is known about Sin expresston. although its mRNA is found at 
high levels in the mouse embryo (67). 

The identification of physiological substrates of protein tyrosine phosphatases 
30 is a key element in understanding the biological fonctions of this family of enzymes. 
The principal aim of this study was to describes a novel experimental approach in the 
identification of PTPs substrate(s) by combining the technology of gene targeting of a 
PTP and substrate trapping experiments using PTP-PEST as a paradigm. Using this 
approach. p130cas was isolated in high amount by a PTP-PEST trapping mutant thus 
35 supporting the strategy. A second objective of the present study was to demonstrate 
for the firet time that the other members of the p130cas family of proteins. Hefl and Sin, 
interact in a similar manner with a proline rich region found on PTP-PEST with their 
SH3 domains. 
Materials and Methods 
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Generation of PTP-PEST gene targeted cell lines PTP-PEST +/- and 
embryonic fibroblast cell lines were established from primary embryonic fibroblast 
cultures isolated from PTP-PEST heterozygous (+/-) and homozygous (-/-) mouse 
embryos respectively, generated by targeted disruption of the PTP-PEST locus by 
5 homologous recombination in ES cells^ . Briefly. 8.5 days after mating PTP-PEST (+/-) 
females with PTP-PEST (+/-) males, embryos were isolated trypsinized for 30 minutes 
at 37°C. Cells in suspension were isolated and cultured. At confluency, cells were split 
and immortalized by stably transfecting, using Lipofectamine (GibcoBRL). a dominant 
negative mutant p53 (C153S) gene (25) along with EIA/EIB viral genes (obtained from 

10 Dr. Branton. McGill University) and a vector conferring puromycin resistance. Cells 
surviving puromycin treatment were pooled and genotyped by Southem and Northern 
blot using standard techniques. For Southern blotting, the genomic DNA was digested 
with BamHI and separated on a 0.8% agarose gel. After transfer to Hybond N+, the 
blot was probed with a radiolabeled KpnI/SacI fragment of the PTP-PEST cDNA. For 

15 Northern blotting, the RNA was separated on a 1 % formaldehyde agarose gel and 
following transfer to Hybon N+. the blot was probed with a radiolabeled probe 
generated by PGR from the PTPase domain of PTP-PEST. The blot was stripped and 
probed with GAPDH to verify equal loading of RNA. 

Constructs The pISOcas mouse cDNA in pBluescript was a generous gift from 

20 Dr. Steven Hanks (Vanderbilt School of Medicine. Tennessee). The p130cas cDNA 
was cloned in pJFTAG. pBluescript 11 KS (Stratagene) and pCDNA3 (Invitrogen) in the 
EcoRI and Sail sites using standard recombinant DNA technology. pJFTAG is 
pCDNA3 in which six copies of the c-myc epitope were cloned in the Hindlll and EcoRI 
sites. The SH3 domain of p130cas was cloned in the EcoRI and Apal sites of pJFTAG. 

25 The GST-SH3 domain of p130cas and Sin were constructed by amplifying the region 
encoding for the SH3 domains by PCR using oligonucleotides containing engineered 
BamHI and EcoRi sites followed by cloning of these products in the BamHI and EcoRI 
sites of pGEX 2TK (Pharmacia). The GST SH3 domain of Hefl was cloned in 
pGEXILambdaT by Dr. Yuzhu Zhang and was a kind gift from Dr. Erica Golemis (Fox 

30 Chase Cancer Center, Philadelphia). 

Substrate trapping experiments 100 ng of GST PTP-PEST aa 1-453 or GST 
PTP-PEST C231S aa 1-453 pre-bound to glutathione sepharose were incubated with 
1 mg of lysate from the indicated cell extracts for 90 min as described previously (4). 
The beads were washed extensively in HNTG buffer and proteins were eluted in 

35 SDS-sample buffer. After SDS-PAGE and transfer to PVDF membrane, 
immunoblotting was performed with the antiphosphotyrosine monoclonal antibody 
4G10 or a rabbit polyclonal anti-p130cas B+F (a generous gift from Dr. Amy H. Bouton, 
University of Virginia). 

Cell culture, transfections and co-immunoprecipitation 293-T, COS-1, 
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PTP-PEST +/- and PTP-PEST -/- were maintained in Dulliecco's modified Eagle's 
medium (D-IWEM) supplemented with 10% fetal bovine serum and 
penicillin/streptomycin, 293T cells were transiently co-transfected with 20 pg total of 
PTP-PEST and p130cas plasmids using the calcium phosphate precipitation method 
5 as described in (5). Exponentially growing COS- 1 cells from a 15 cm tissue culture 
dish were also transfected with 40 pg of pACTAG PTP-PEST by electroporation as 
described in (3). For co-immunoprecipitations. 293T cells transiently expressing 
HA-PTP-PEST and Myc-p130cas proteins were harvested and washed with PBS. Cells 
were lysed in HNMETG as described in (5). Protein complexes were 
1 0 immunoprecipitated using anti-PTP-PEST 1 075 antibody (3) and protein G-agarose 
(Gibco-BRL) for 90 min at 4'C. Immune complexes were washed three times in HNTG 
and proteins were eluted from beads In SDS sample buffer by boiling for five minutes. 
Proteins were separated on a 11 % SDS-PAGE, blotted on PVDF membrane 
(Immobilon-P. Millipore) and analyzed for the presence of the Myc tagged p130cas 
15 proteins using the anti-Myc epitope monoclonal antibody 9E10. COS-1 cell were 
treated with pen/anadate in order to increase protein tyrosine phosphorylation levels. 
Briefly, 360 pL of freshly prepared pervanadate (10 mM sodium orthovanadate in 50 
mM hydrogen peroxide) was added to 15 mL of D-MEM and cells were incubated for 
15 min before han^esting. 
20 Binding studies GST fusion proteins encoding the different portions of 

PTP-PEST have been described elsewhere (3). The GST fusion pnsteins were purified 
with glutathione Sepharose (Pharmacia) according to manufacturer's protocol. For 
liquid binding studies. 100 ng of GST alone or GST-SH3 domains fusion proteins 
prebound to glutathione Sepharose were incubated with 1 mg of COS-1 cell lysate 
25 expressing HA-PTP-PEST for 90 minutes at 4X. After washing three times in HNTG. 
the proteins were eluted in sample buffer, separated by SDS-PAGE and the presence 
of HA-PTP-PEST was analyzed by immunoblotting with anti-12CA5 antibody. For 
fanwestem assays, purified PTP-PEST fusion proteins were separated on SDS-PAGE 
and transfen-ed to PVDF membrane. Proteins were allowed to renature on the blot 
30 overnight at 4'"C in binding buffer (10 mM Tris-HCI pH 7.4, 1 mM EDTA. 150 mM NaCI. 
1 mM DTT, 0.2% BSA). Blots were probed with ^p] labeled GST-SH3 domains fusion 
proteins (labeled according to manufacturer's instruction, Phamnacia) for 8 to 16 hours 
in binding buffer at 4''C. The blots were washed extensively In binding buffer at room 
temperature and exposed to X-ray film (Kodak) for 20 minutes. 
35 Results 

Generation of gene targeted PTP-PEST cell lines (PTP-PEST -/-) In order to 
study the phosphotyrosine profile content of cells lacking PTP-PEST with the aim of 
Identifying novel substrate, we generated mouse embryonic fibroblasts from 8.5 day 
post-coitum embryos isolated from the mating of PTP-PEST+/- animals. These primary 
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cultures were immortalized with a intermediate transforming C135S mutant of p53 (69) 
and EIA/EIB proteins as described in the materials and methods section. The 
genotypes of the established cell lines were detemiined by Southern blotting. Figure 
9a shows that one of the cell lines have both the 12 kb wt and 7 kb targeted allele 
5 (PTP-PEST +/-) while the other cell line only has the targeted allele (PTP-PEST-A). As 
a positive control, wt DNA isolated from embryonic fibroblasts was included and only 
the wt allele was observed. In order to verify the absence of PTP-PEST mRNA in the 
PTP-PEST cell line, a Northern blot analysis was performed. In figure 9b. the 3.8 
kb mRNA of PTP-PEST is present in the PTP-PEST +^ but absent from the -A cells 

10 (upper panel). As a positive control. RNA isolated from embryonic fibroblast was 
included and a 3.8 kb signal was observed. As a loading control- the blot was stripped 
and probed with GAPDH (figure 9b. lower panel). The phenotypic characterization of 
the PTP-PEST deficient cell lines is presently in preparation. 

Analysis of the phosphotyrosine profile of the PTP-PEST cells In order to 

15 identify putative substrate(s) of PTP-PEST. we have analysed the phosphotyrosine 
profile of the PTP-PEST cells. Comparison of antiphosphotyrosine immunoblotting 
of the total cell lysate (TCL) of the +A and -A revealed the presence of 
hyperphosphorylated proteins of approximately 180. 130, and 97 kDa in the -A cells 
(Figure 10 a, first two lanes). When the TCL of the +A and cells were subjected to 

20 immunoprecipitation using an antiphosphotyrosine antibody and analyzed by 
antiphosphotyrosine western, the same hyperphosphorylated proteins were detected 
(Figure 10 a, last two lanes). 

In order to identify these hyperphosphorylated proteins, an in vivo 
immunoprecipitation of candidate proteins were performed. p130cas was 

25 immunoprecipitated both from the PTP-PEST +A and cell lines and the 
phosphorylation status of p130cas was analyzed by antiphosphotyrosine 
immunoblotting using the 4G10 antibody. In the cells lacking PTP-PEST (-A). p130cas 
was found to be hyperphosphorylated when compared to p130cas found in the 
PTP-PEST +A cell (figure 10b, upper panel). Equal amounts of p130cas protein both 

30 in the immunoprecipitates and in the total cell lysates (TCL) was verified by stripping 
the blot and reprobing with a rabbit polyclonal anti-pi 30cas as shown in figure 2b 
(lower panel). Since we have previously demonstrated that PTP-PEST forms a 
complex with the EGF receptor via Grb2 (3). the amount of EGF receptor in 
antiphosphotyrosine IP from the +A and -A was compared. Equal amounts of EGF 

35 receptor were found in both IP (data not shown). As the putative 97 kDa protein(s), the 
amount of the p130cas-like proteins Hefl and Sin was also analyzed in 
antiphosphotyrosine IP fi^om the +A and -A cells. Hefl and Sin were not found in these 
IP (data not shown). Furthermore, we have obsen/ed that Hefl and Sin are not 
expressed in the PTP-PEST +A and -A fibroblast cell lines used in the present study. 
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Combination of gene targeting of PTP-PEST and substrate trapping 
experiments to identify ptiysiological substrate(s) The Inacth/ation of the PTP-PEST 
gene (PTP-PEST -/- cell line) was hypothesized to render substrate(s) that are highly 
specific to PTP-PEST in an hyperphosphofylated state and that these substrate(s) 
5 could subsequently be isolated using a "substrate trap" mutant of PTP-PEST (C231 S 
mutant). An important aspect of this novel approach is that, before performing the 
trapping, the cells don't require physiological (growth factor) or artificial (pervanadate) 
treatments. A substrate trapping experiment was thus perfomied in PTP-PEST -/- and 
+/- cell lysates using a GST PTP-PEST C231S mutant. As shown in figure 11 (panel 
10 A), the GST PTP-PEST WT was unable to isolate phosphorylated substrates both in 
the PTP-PEST +/- and -/- cell lysates whereas the C231S mutant isolated a small 
amount from the PTP-PEST +/- cell lysates and a abundant amount from the 
PTP-PEST -/- cell lysate of phosphorylated pplSO proteins. The same substrate 
trapping experiment was performed, as a positive control, using lysate of pervanadate 
1 5 treated COS-1 and a ppl30 protein was also isolated with the PTP-PEST C231 mutant 
Figure 11 (panel B) shows the same blot stripped and analyzed for the presence of 
p130cas protein using anti-pi 30cas B+F. p130cas proteins were found mostly in the 
lanes of PTP-PEST C231S mutant in PTP-PEST -/- and pervanadate treated cell 
lysate. Interestingly, the same amount of p130cas proteins were affinity purified from 
20 the PTP-PEST -/- cell lysate and the pervanadate treated COS- 1 cell lysate by the 
C231S mutant of PTP-PEST (figure 11, panel C), but the tyrosine phosphorylation 
level of p1 30cas trapped from the PTP-PEST deficient cell line is approximately twenty 
times greater, as estimated using densitometry, when compared to p130cas trapped 
from the pervanadate treated extract 
25 PTP-PEST associates witti the SH3 domains of the p130cas-iike proteins Hefl 

and Sin The SH3 domain of p130cas was demonstrated to interact with PTP-PEST in 
the substrate recognition mechanism (7). The presence of SH3 domains on Sin and 
Hefl. p130cas-!ike proteins, have prompted us to investigate if these SH3 domains 
could interact with PTP-PEST. The SH3 domains of p130cas and Sin were cloned in 
30 PGEX-2TK and the SH3 domain of Hefl was cloned in pGEXlLambdaT vector and 
expressed as GST fusion proteins in order to perfomn a liquid binding assay with 
PTP-PEST. The integrity of the fusion proteins used in the binding assay is shown on 
a coomassle blue stained gel In the right panel of figure 12. As seen in figure 12 (left 
panel), HA-PTP-PEST was specifically bound to the purified SH3 domains of Hefl and 
35 Sin even after extensive washing of the complex. GST alone was used as a negative 
control and did not bind the HA-PTP-PEST while used as a positive control, the SH3 
domain of p130cas was bound to HA-PTP-PEST. 

Mapping of the first proline rich region of PTP-PEST(amino acids 316-346) as 
the binding sites for the SH3 domains of Sin and Hefl. Because five proline rich motifs 
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are found on PTP-PEST (3) and SH3 domains are known to bind to proline rich motifs, 
we investigated which one of these motifs is mediating the interaction with the SH3 
domains of Hefl and Sin. A series of GST fusion proteins encoding for the five different 
proline rich regions of PTP-PEST (Pro 1-5) was generated in order to map the region 
essential on PTP-PEST for the Interaction with the SH3 domains of the Cas-like 
proteins Sin and Hefl in a farwestem binding assay. A schematic representation and 
a coomassie blue stained gel of the fusion proteins showing integrity of the products 
used in the farwestern assay are shown in figure 13a and 13b respectively. For the 
fanwestern assay, the PTP-PEST fusion proteins were separated by 1 1 % SDS-PAGE 
and then transferred to PVDF membranes and after blocking, the blot was probed with 
l"p] radiolabeled SH3 domains of either Sin, Hefl or p130cas. The SH3 domains of Sin 
and Hefl were found to associate with high affinity to the Prol region of PTP-PEST (aa 
316-346 SEQ ID NO: 4 or aa 317-347 (SEQ ID NO: 5) of mouse or human PEST, 
respectively) and also to the complete C-terminus (aa 276-775) and to the N-terminus 
(aa 1-453) fusion proteins of PTP-PEST as seen in figure Sd and e. These three 
proteins have in common the Prol region of PTP-PEST. No detectable levels of 
binding of these SH3 domains to the Pro 2-5 of PTP-PEST and GST alone (negative 
control) were noted even after a longer exposure. The SH3 domains of p130cas was 
used as a positive control to probe an identical blot and the same result was obtained 
(figure 13a). These results demonstrate that the SH3 domains of the family of adaptor 
proteins pl30cas. Sin and Hefl interact with high affinity and selectively with the Prol 
region of PTP-PEST. 

PTP-PEST and pi 30cas associate in vivo. The associatk>n between PTP-PEST 
and p130cas as only been Investigated in vitro using either GST fusion proteins 
(present work) or bacculovlrus produced proteins (6, 11). In order to evaluate the 
binding between p130cas and PTP-PEST in vivo, we performed a 
co-immunoprecipitation experiment. 293T cells were co-transfected by the cateium 
phosphate method with HA-PTP-PEST WT or C231S (10 pg) and either Myc-p130cas 
or Myc p130cas SH3 domain (10 pg)- A schematic representation of the p130cas 
proteins is shown in figure 14a. The cell lysates were immunopreclpitated with 
anti-PTP-PEST 1075 and analyzed for the presence of Myc p130cas proteins (figure 
14b). The Myc-p130cas and the Myc-p130cas SH3 domain were found in the 
HA-PTP-PEST IPs (figure 14b). As a negative control, the Myc p130cas and Myc 
p130cas SH3 domain were cotransfected with HA-T-cell PTP (TC-PTP). Figure 14b 
denwnstrate that neither Myc p130cas nor Myc p130cas SH3 domain were found In 
the TC-PTP immunopreclpitation clearly showing that this Interaction is specific for 
PTP-PEST. These results demonstrate that the association of PTP-PEST occurs vivo 
with the full length p130cas or specifically with the SH3 domain of p130cas. 
Discussion 
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The identification of protein tyrosine phosphatase substrates is one of the key 
steps in understanding the biological functions of this family of enzymes. Recent 
mutagenesis experiments of invariant amino acids within the conserved catalytic 
domains of PTPs. in conjunction with the analysis of the crystal structure of PTP1B, 
5 have yielded two interesting mutants for substrate trapping: First, a cysteine to serine 
mutant in the VHCSAG (SEQ ID NO: 6) signature motif (C215S in PTPIb) and second, 
a mutation of a catalytically active aspartic acid to alanine (D199A in PTP lb) (2). The 
present data propose a novel approach by combining substrate trapping experiments 
with the gene targeting of a PTP. PTP-PEST. to identify putative physiological 
10 substrate(s). Fibroblasts cell lines lacking PTP-PEST were generated from the 
PTP-PEST knock-out' and used as protein extracts In a substrate trapping 
experiments. Using such an approach, p130cas was the main protein isolated by a 
PTP-PEST substrate trapping mutant The advantage of this novel approach is that 
only physiological sub8trate(s), since cells are not treated artificially to increased their 
15 phosphotyrosine contents, that are highly specific for the PTP of interest would 
possibly be hyperphosphorylated in the gene targeted tissues or cell lines. As a result, 
mainly such substrates should be Isolated in large amounts by the substrate trapping 
mutants of the chosen PTP. 

Its stands to reason that the removal of a PTPase will result in the 
20 hyperphosphoryiation of its physiological substrates at the basal level or following 
specific stimulation. For example, it was shown that when the vaccinia virus dual 
specificity phosphatase VH1 is deleted from virion capsule two encapsWated substrate 
proteins, pi 8 and p11 become hyperphosphorylated and as a result, the life cycle of 
the virus is Impaired (70). With the premise that physiological substrate of PTP-PEST 
25 would become hyperphosphoiylated, we generated a gene targeted PTP-PEST 
fibroblast cell line. PTP-PEST-/-. In this case, the antiphosphotyrosine profile of the 
total cell lysate of PTP-PEST -/- cell line was compared to the total cell lysate of 
PTP-PEST+/- and hyperphosphorylated proteins of 180, 130 and 97 kDa were 
identified in the -/- cells. One of these proteins was identified as p130cas. Direct 
30 analyses by antiphosphotyrosine blotting of p130cas immunoprecipitates from 
PTP-PEST +/- and -/- clearly indicate that p130cas is hyperphosphorylated In the 
absence of PTP-PEST. This suggests that even if many PTPs are expressed in these 
murine fibroblasts, and that at least one of them, PTPIB. has been shown to interact 
with the SH3 domain of p1 30cas (37). the major regulatfon of the phosphorylation of 
35 p130cas at the basal level is mediated by PTP-PEST. The identity of the 
hyperphosphorylated p97 and p180 is still under investigation. We have investigated 
If the p180 protein couW be the EGF receptor since we have previously shown that 
PTP-PEST can complex with the EGF receptor via Grb2 (4). The EGF receptor was 
found in equal amount in antiphosphotyrosine immunoprecipitation in the PTP-PEST 



wo 99/61467 




PCT/CA99/0046] 



cells and +/- cells. Hefl and Sin were possible candidates for the 
hyperphosphorylated p97. Both of these proteins were not expressed in these 
fibroblast cell lines. This observation is not surprising since Hefl and Sin have a 
restricted pattern of expression. 
5 The data presented in this paper also describes that the family of adaptor 

proteins p130cas, Sin and Hefl interact with PTP-PEST via their SH3 domains. The 
first proline rich region (Prol) of PTP-PEST. ^^PPKPPR^'^ (SEQ ID NO: 7). was found 
to mediate the interaction with the SH3 domains of the latter family of proteins without 
contribution of the four other proline rich motifs (Pro 2-4) found on PTP-PEST. Our 

10 data support recent findings by Garton et al. (4) suggesting that the SH3 domain 
mediated association of p130cas with PTP-PEST potentially play a crucial role in the 
substrate specificity. These results also suggest both Hefl and Sin are candidate 
substrates for PTP-PEST since they also associate with PTP-PEST via their SH3 
domains. It would of been interesting to analyze the phosphorylation status of Hefl and 

15 Sin in the PTP-PEST cells, but unfortunately, they were not expressed. 

The proline rich region (Prol) of PTP-PEST. ^^PPKPPR"". belongs to the class 
2 of consensus sequence (PxxPxR) (71). Other proline rich domains that have been 
shown to interact with the SH3 domain of p130cas also belong to the class 2 of 
consensus sequence: PRPPKR for PTP 1B (37). PPKPSR for FAK and the RAFTK 

20 (55. 72). Three other enzyme share homology to PTP-PEST: PTP-PEP. PTP-HSCF 
and PTP-BDP. Table 1 summarizes the putative proline rich region found on this family 
of PTP. PTP-PEP has two identical proline rich domain having the sequence PPLPER 
and thus belongs to the class 2 of consensus sequence (73). It is unlikely that the two 
proline rich sequences of PTP-PEP could interact with the SH3 domains of p130cas, 

25 Sin or Hefl since an identical proline rich sequence found on PTP-PEST (Pro 
4 675ppLpER6ao. SEQ |D NO: 8) does not interact with these SH3 domains (this paper, 
figure 5). Analysis of the PxxP motifs found on PTPHSCF and PTP-BDP (Table 1) 
reveals that none of them belong to the class 2 of consensus sequence (PxxPxR) and 
in this respect, these two PTPs probably do not interact with the SH3 domain of 

30 p130cas, Sin and Hefl. In summary, among the member of PEST like PTPs, 
PTP-PEST appears to be the only one that can interact with the SH3 domain 
containing proteins p130cas, Sin and Hefl via a proline rich region. The association of 
PTP-PEST to the SH3 domain of p130cas have been demonstrated to play a crucial 
role in the substrate recognition mechanism (11). Since PTP-PEST is expressed 

35 ubiquitously and pISOcas, Hefl and Sin have differential expressions, it is reasonable 
to envisage that PTP-PEST is a potential modulator of the tyrosine phosphorylation 
level of this femily of adaptor proteins in different cell types. 

We have cleariy demonstrated that PTP-PEST. WT or C231S, is constitutively 
associated with p130cas in an in vivo coimmunoprecipitation experiment and that the 
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SH3 alone of p130cas can mediate this interaction. In this respect, the proline rich/SH3 
domain association is constitutive as usually observed in this kind of interaction and 
does not tenninate when pISOCas becomes dephosphorylated by the catalytic activity 
of PTP-PEST as previously proposed (6). The deletion of the Pro1 domain of 
PTP-PEST completely abolishes the binding with the SH3 domain of p130cas (4), Hef 
and Sin in vitro thus clearly demonstrating an essential binding site between these 
proteins. Interestingly, the association between PTP-PEST and p130cas was not 
abrogated by the deletion of the Pro 1 domain of PTP-PEST and/or the SH3 domain 
of pISOcas in a co-immunoprecipitation experiment performed in transfected 293-T 
cells. These results suggest that PTP-PEST and p130cas might also associates via 
a SH3 independent mechanism and this is presently under investigation. 

In summary, the combination of gene knock-out of a PTP and substrate 
trapping experiments is potentially a powerful approach to identify relevant 
physiological substrate{s) of a given PTP. Using such an approach, pISOcas is 
confirmed as a physiological substrate of the murine PTP-PEST. We believe that this 
approach reduces the risk of artifacts since no artificial treatments of the cells is 
required and that it could be used to identify substrate(s) of other PTPs. The SH3 
domains of the p130cas-like molecules, Sin and Hefl. were found to interact with high 
affinity with a proline rich region of PTP-PEST (Pro1, aa 333-338 (SEQ ID NO: 7)). 
These data also suggest that Hefl and Sin could be candidate substrates for 
PTP-PEST, This hypothesis is also supported by the fact that an effective 
dephosphorylation of pISOcas by PTP-PEST requires an intact Pro 1 region. The in 
vivo association of PTP-PEST and p130cas has been demonstrated to be stable and 
constitutive by coimmunoprecipitation, which was not clear from a previous report (6). 
EXAMPLE 4 

PTP-PEST BINDS TO PAXILLIN THROUGH ITS PRO 2 REGION: 

Since paxillin is hyperphosphorylated in PEST cells, we further investigated 
which respective domains of each molecule interact. We also confirmed that paxillin. 
although capable of binding to PEST, is not a substrate for this phosphatase. Paxillin 
is a member of a family of adaptor proteins that also includes Hie 5 (17) and teupaxin 
(18). Located in focal adhesions, paxillin associates with important cytoskeletal 
proteins such as talin and vincuiin as well as protein tyrosine kinases found in adhesion 
plaques such as p125FAK. Pyk2 and c-Src (19). In particular, the association of 
p125FAK with paxillin has been shown to be essential for focal adhesion targeting of 
p125FAK (20). In addition, following Integrin engagement, paxillin has been 
demonstrated to be phosphorylated by p125FAK and c-Src (21,22). This creates 
docking sites for the SH2 domain of the Crk proteins (23) and links the integrin 
activation to signal transduction pathways via the proteins C3G or SOS that are bound 
to Crk. In addition to its + tyrosine phosphorylation, paxillin is also heavily 
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phosphoryiated on serine and threonine residues following plating of cells on 
fibronectin (24). Serine and threonine phosphorylation of paxiliin have been implicated 
in its targeting to focal adhesions and cellular attachment to fibronectin (25). 

Structurally* paxiliin and the paxillin-like proteins are composed of N-terminal 
5 LD motifs and four C-tenninal LIM domains. The LD motifs of paxiliin (reviewed in (26)) 
have been shown to be implicated in the paxiliin binding to p125FAK and vinculin (19). 
LD motifs have also been observed in a variety of proteins where they also act as 
mediating protein-protein interaction (26). LIM domains are approximately 50 amino 
acids in length and known to mediate protein-protein associations (for review (27,28)). 

10 The LIM domains have a conserved consensus sequence: [CXXC{Xr,e. 
2a)HXXClXX[CXXC(X,6.2i)CXXC/D/H] (28). Proteins harboring LIM domains often 
harbor other domains such as homeodomain, kinase. SH3 and LD domains. One of 
the most characterized LIM domain mediated interaction involves the association of 
the LIM 3 of Enigma to the tyrosine based motif (tyrosine tight turn) of the insulin 

15 receptor (29). Similariy, the LIM 2 of Enigma interacts with the Ret receptor tyrosine 
kinase (29). These interactions indicate that each LIM domain may indeed recognize 
and interact with specific protein domains. The LIM domains of paxiliin, especially LIM 
3» are essential for proper focal adhesion targeting. Although the focal adhesion 
targeting ligand of LIM 3 has not been identified (19). it has recently been shown that 

20 LIM2 and LIM3 bind protein(s) with serine kinase activity (25). 

In a recent report, paxiliin was shown to associate directly with the C-termtnus 
tail of PTP-PEST by a yet uncharacterized mechanism (30). In the present study, we 
reveal that a non-classical proline rich motif of PTP-PEST (Pro 2) is essential for both 
in vitro and in vivo binding of PTP-PEST to paxiliin. More precisely, mutation of proline 

25 362 to alanine completely abolishes this association. The presence of intact LIM3 and 
LiM4 domains of paxiliin were required for its association with PTP-PEST. Finally, 
using mutants of PTP-PEST having a C231S mutation, we demonstrate that paxiliin 
is not a substrate for PTP-PEST in a substrate trapping assay. Together, these results 
demonstrate a novel association between LIM domains and a proline rich motif. We 

30 propose that a physiological function for this association could be that once PTP-PEST 
is recruited to adhesion plaques, it could regulate the breakdown and turnover of focal 
adhesions by dephosphorylating and/or binding proteins such as paxiliin, p130Cas. 
She and Grb2. 
Materials and methods 

35 Cell lines, transient transfections and pervanadate treatment NIH 3T3, NIH 3T3 
overexpressing a Src Y527F constitutively active mutant and HEK 293T cell lines were 
routinely maintained in Dulbecco's modified Eagle's medium supplemented with 10% 
fetal bovine serum and penicillin/streptomycin (Gibco-BRL). HEK 293T cells were 
transfected with 5 pg of PTP-PEST plasmid using the calcium phosphate technique 
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as previously described (10). NIH 3T3 cells were pervanadate treated for 30 minutes 
as previously described (10). 

Antibodies The monoclonal antibodfes against paxillin (PI 3520) and p130Cas 
(P27820) were from Transduction Laboratories. The polyclonal antibody specific for 
5 avian paxillin was previously described (19). The anti-GST and anti-HA tag antibody 
12CA5 were obtained from Santa Cruz Biotechnology. The antiphosphotyrosine 
antibodies 4G10, PY20 and PY99 were from Upstate Biotechnologies. Transduction 
Laboratories and Santa Cruz Biotechnology respectively. The polyclonal antibody 1075 
against PTP-PEST was previously described (3). 
10 Plasmids construction PTP-PEST cDNA in the expression vector pACTAG (HA 
epitope tagged) was previously described (3). The Pro 1 (333-PPKPPR338; SEQ ID 
NO: 7) and Pro 2 (355-PPEPHPVPPILTPSPPSAFP-374; SEQ ID NO: 9) domains of 
PTP-PEST were deleted by PCR. Briefly, an anti-sense oligonucleotide upstream of 
the Pro 1 (5'-TCGCTCGAGAGAGTCTTGCTTCTC.3'; SEQ ID NO: 10) designed with 
15 a Xho I site was used to amplify the cDNA of PTP-PEST in combination with the sense 
oligonucleotide T7. This PCR product, encoding for the N-terminus of PTP-PEST. was 
gel purified (QIAEXII, Qiagen) and digested with Not I and Xho I. A second PCR 
product encoding for the C-tenninus of PTP-PEST was generated using a sense 
oligonucleotide with an Xho I site designed downstream of the Pro 1 
20 (5'-CCACTCGAGACTCGAAGTTGCCTT-3'; SEQ ID NO: 11) and an anti-sense 
oligonucleotide with a Xba I site (5'-CCTCTAGATCATGTCCATTCTGAA.3'; SEQ ID 
NO. 12). The PCR product, encoding for the C-terminus of PTP-PEST, v/as gel purified 
and digested with Xho I and Xba I. To reconstitute the full length PTP-PEST with the 
deleted Pro 1 region, the digested PCR products encoding for the PTP-PEST N and 
25 C-terminus domains were ligated in the Not I and Xba I sites of pACTAG. The Pro 2 
region of PTP-PEST was deleted using a similar strategy. The deletions were verified 
by dideoxy sequencing of the mutated region using Sequenase (Amersham). 
Truncations of the GST PTP-PEST 344-437 (Pro 2) (GST 344-427, 344-417, 344-407 
and 344-397) were performed by PCR using T7 primer and PTP-PEST specific oligos 
30 harijoring a EcoR I site. The PCR products were digested with BamH! and EcoRI and 
ligated in the BamHI and EcoRI sites of pGEX RC. GST PTP-PEST 344-385 was 
generated by digestion of the pGEX RC 344-437 vector with Kpnl and EcoR I, 
treabnentwith Mung Bean nuclease followed by religation of the ptasmid. 
The constructs encoding for the N-temiinus, C-terminus, LIM1, LIM2, LIM3 and LIM4 
35 of avian paxillin fused to GST in the pGEX 2T vector were previously described (19). 
The paxillin GST LIM 1-3 was constructed by subcloning from the GST C-temninus 
pGEX 2T construct the BamH I/Sac 11 fragment in pBluescript 11 (KS). The 
BamHI/SacI fi-agment was then subcioned from pBluescript 1 1 (KS) to pGEX RC in the 
BamH I/Sac I sites. The paxillin GST LIM 1-2 of paxillin was constructed by subcloning 
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the BamH l/Xma I fragment from the GST C-temiinus construct in pGEX RC in the 
BamHI/Xmal sites. The paxiltin GST LIM 3-A was constructed by subcloning the 
Xmnl/EcoRI fragment from the GST C-terminus of paxiliin in pGEX 2TK in the 
Smal/EcoRI sites. The paxiliin GST C-terminus ALIM 3 was constructed by digesting 
the paxiliin GST C-temninus construct with Xma I and Sac II. fbltowed by treatment with 
Mung Bean nuclease and religation of the plasmid. 

Site directed mutagenesis Eight proline residues (highlighted) found in the Pro 2 
domain of PTP-PEST (355-PPEPHPVPPILTPSFPSAFP-374; SEQ ID NO: 9) were 
mutated to alanine residues by PGR. Briefly, mutagenic oligonucleotides were 
engineered: {5"-CAGCCACCAGAAGCTCACCCGGTGC-3'), P358A (SEQ ID N0:13) 
(5'-CCAGAACCTCACGCGGTGCCACCCATC-3'). P360A (SEQ ID NO: 14) 
(5*-CCTCACCCGGTGGCACCCATCCTGAC-3'). P362A (SEQ ID NO: 15) 
(5'-CACCCGGTGCCAGCCATCCTGACGC-3'). P363A (SEQ ID NO: 16) 
(5'-CCCATCCTGACGGCATCACCTCCTTC-3"). P367A(SEQ ID NO: 17) 
(5'-CTGACGCCATCAGCTCCTTCAGCC-3'). P369A(SEQ ID NO: 18) 
(5'-ACGCCATCACCTGCTTCAGCCTTCC-3'). P370A (SEQ ID NO: 19) 
(5*-CCTTCAGCCTTCGCAACCGTTACCAC-3') P374A (SEQ ID NO: 20). 

pGEX RC PTP-PEST Pro 2 (aa 344-437) was used as a templates for the PCR 
reactions. Each oligonucleotide was used in combination with a pGEX anti-sense 
specific oligonucleotide to amplify a portion of the Pro 2 region. The eight different PCR 
products were gel purified. A second PCR product was generated using a pGEX 
specific sense oligo in combination with a PTP-PEST specific antisense primer 
{5'CCATGTGCAGCACTGGCTTT-3': SEQ ID NO: 21) and was recovered by gel 
purification. In order to reconstftute the full length Pro 2 region, each mutagenic PCR 
products was incubated with the second PCR product and a strand overlap extension 
step was performed with Vent DNA polymerase (New England Biolabs) for 7 cycles 
using the following conditions: 94 "C for 30 sec. 50 "C for 30 sec and 72 'C for 30 sec. 
Each of the products from the strand overlap extension step was amplified by PCR by 
adding 100 pool of the pGEX sense and antisense primers and using the same 
conditions for 30 cycles. Each of the PCR products was gel purified and digested with 
BamH I and EcoR I and ligated in the BamH I and EcoR I sites of pGEX RC. Following 
transfonmation in E. coll DHSalpha. mutants were screened by DNA sequencing. Using 
a similar approach the cysteine 523 of paxiliin was mutated to a serine. The other 
mutants of paxiliin were previously described (19), 

In vitro translation pcDNA3 paxiliin WT. ALIM3. C467A, C470A. C467/470A. ALIM4. 
C523S and pcDNA3 were digested with Xho I. The linearized plasmids were used as 
templates for in vitro transcription using T7 RNA polymerase (NEB). Two pi of the 
transcription reactions were used to performed in vitro translation in the presence of 
"S-methionine and rabbit reticulocyte lysate (Promega). The in vitro translated 
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products were tested for binding to 1 pg of GST PTP-PEST 344-397 or GST atone. 
In vitro binding assay using GST fusion proteins NIH 3T3. NIH 3T3 Src Y527F. 
petvanadate treated NIH 3T3 and HEK 293T cells were lysed in HNMETG buffer (50 
mM Tris-HCI pH 7.5. 150 mM NaCl. 1.5 mM MgCI^. 1 n^M EDTA, 1; Triton X-100 and 
5 10% glycerol) supplemented with Conrtplete protease Inhibitors (Boehringer Mannheim) 
and 1 mM Na^VO, as previously described (10) The lysates were cleared of cellular 
debris by centiifugation at 16 000 x g in a 4 »C microcentrifuge. Protein concentrations 
were determined using the Bradford method (Bio-Rad) using bovine serum albumin as 
a standard. PTP-PEST, pISOCas and paxillin GST fusion proteins were expressed by 
1 0 Induction for 2 h of exponentially growing bacterial cultures with 1 mM IPTG and fusion 
proteins were extracted and immobilized on Glutathione Sepharose beads according 
to the manufacturer's recommendations. Aliquot of 200-250 pg of cell lysates, 
predeared with 1 pg of GST atone immobilized on Glutathione Sepharose 
(Phamiacia). were incubated with each PTP-PEST GST fusion proteins in 1 ml of 
15 HNMETG for 90 minutes at 4 "C. 200 pg of 293-T extract was incubated with each 
p130Cas and paxillin GST fuston proteins in 1 ml of HNMETG for 90 minutes at 4 "C. 
Foltowing the binding incubation, beads were washed three times in HNTG buffer (20 
mM Tris-HCI pH 7.5, 150 mM NaCl. 0.1% Triton X-100. 10% glycerol) and boiled in 
SDS sample buffer to elute bound proteins. Following SDS-PAGE and transfer to 
20 PVDF membrane (Immobillion-P), bound proteins were detected by westem blotting 
with the appropriate antibodies. 

Immunoprecipltations Cell monolayers were lysed in 1 ml of Immunoprecipitation 
buffer (50 mM Tris-HCI pH 7.5. 150 mM NaCl. 1% NP-40. 1 mM Na3VO, and 
Complete protease inhibitors) directly on the tissue culture dishes on ice for 15 
25 minutes. The lysates were cleared of cellular debris by centrifugation at 16 000 x g in 
a microcentriguge. 200-500 pg aliquots of cell extracts were predeared with 20 pL of 
Protein A agarose (Gibco-BRL). The deared extracts were incubated with 2 \il of 
monodonal anti-paxiilin antibody or 1 pL of the polyctonal antibody against avian 
paxillin for 90 minutes at 4 "C. Immune complexes were recovered by addition of 20 
30 ML of Protein A agarose for 90 minutes at 4 °C. Immunoprecipitates were washed 
three times in immunopredpitatton buffer and boiled in SDS-PAGE sample buffer. 
Following SDS-PAGE and transfer to PVDF membranes, bound PTP-PEST was 
detected by westem blotting using the anti-HA antibody 12CA5. Blots were stripped 
and reblotted with the antl-paxillin antibody to verify equal predpitattons. 
35 Western blotting Non-specific sites of blotted PVDF membranes were blocked 
isTBS-T (20 mM Tris-HCI pH 7.6. 137 mM NaCl, 0.1% Tween-20) containing 1% (w/v) 
bovine serum albumin and 1% (v/v) goat serum for 60 minutes at room temperature. 
Primary antibodies were diluted in btodting buffer and incubated with blots for 60 
minutes at room temperature. The monoclonal antibody anti-paxillin was used at a 
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dilution of 1 :10000. The monodonat antibodies 12CA5 and 4G10 were used at 1 :2000 
dilution. The monoclonal antibodies anti-p130Cas. PY20 and PY99 were used at 
1 :1000 dilution. Blots were washed extensively with TBS-T before incubation with the 
secondary antibody. The secondary anti-mouse antibody conjugated to HRP was 
5 diluted 1:10000 in blocking buffer and Incubated wHh blots for 60 minutes at room 
temperature. Following repeated washing in TBS-T. bound primary antibodies were 
detected using chemiluminescence(NEN Lifescience) 
Results 

Paxillin is associated with PTP-PEST in various mouse tissues It was recently 
1 0 reported that PTP-PEST and paxillin associate in chicken embryo (CE) fibroblasts and 
Swiss 3T3 cells (30). To verify that PTP-PEST and paxillin were physically associated 
in vivo, co-immunoprecipitation experiments were performed in lysates of various 
mouse tissues. As seen in figure 15. paxillin coprecipitated wHh PTP-PEST in liver, 
brain, heart, lung, spleen and thymus lysates. The highest amounts of PTP-PEST 
15 associated paxillin were found in lung, spleen and liver. No paxillin was detected in 
PTP-PEST Immunoprecipitate from kidney lysate since PTP-PEST is expressed in low 
levels in kidney (31). In addition, paxillin was not found in pre-immune IP made from 
liver extracts demonstrating the specificity of the association. When the blot was 
reprobed with a PTP-PEST antibody, comparable amounts of PTP-PEST were found 
20 in the precipitates except in the kidney where no signal was detected (data not shown). 
These results demonstrate that the PTP-PEST-paxillin association previously 
described in fibroblasts (30) also occurs in vivo in a majority of mouse tissues. 
Paxillin associates In vitro with a fragment of PTP-PEST containing a proline 
rich region. In order to define the region of PTP-PEST involved in the binding of 
25 paxillin, we have used the non-catalytic C-Temr»inus tail of PTP-PEST in addition to 
several deletion mutants of PTP-PEST expressed as GST fusion proteins (Figure 16a). 
The GST PTP-PEST fusion proteins (aa 276-775. 276-613. 276-567. 276-453, 
276-437 or GST alone) bound to Glutathione Sepharose were incubated with 500 pg 
of proteins extracted from NIH 3T3 cells. Following a binding incubation period, the 
30 beads were washed several times and bound proteins were separated by SDS-PAGE. 
Associated paxillin was detected by western blotting. As seen in figure 16b (top panel), 
paxillin was detected in every binding assay except with GST alone. Coomassie blue 
staining of the GST fusion proteins used for the binding assay (figure 16b. bottom 
panel) was used to demonstrate the integrity of the purified proteins. From these 
35 results, the paxillin binding site lies between the amino acids 276-437 of PTP-PEST. 
The only characterized protein-binding domain within aa 276-437 of PTP-PEST is a 
proline rich region (Pro 1 . 333-PPKPPR-338: SEQ ID NO: 7) that acts as binding site 
for the SH3 domain of p1 30Cas, Hef1 . Sin and Grt2 (6.9,10). Also present in this PTP- 
PEST fragment is Pro 2 (355-PPEPHPVPPILTPSPPSAFP-374; SEQ ID NO: 9) which 
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is a 20 amino acids segment rich in proline residues that has no determined function, 
m order to delimit the minimal region required for binding to paxillin. a binding assay 
was thus performed using Pro 1. Pro 2 344-437. Pro 2 344-427. Pro 2 344-417. Pro 
2 344 -407. Pro 2 344-397 and Pro 2 344-385 of PTP-PEST expressed as GST fusion 
5 proteins (figure 16a). Paxillin was associated with the Pro 2 344-437, 344-427. 
344-417. 344-407 and 344-397 PTP-PEST fusion proteins (Figure 16c. top panel). 
GST Pro 2 344-385. GST Pro 1 , GST Pro 5 and GST alone failed to associate with 
paxillin as seen in figure 16c (top panel). These results suggest that amino acids 
344-397 of mouse PTP-PEST are sufficient for its association with paxillin. This 
10 peptide has the sequence of SEQ ID NOs: 22 and 23 (mouse and human, 
respectively). Of course, this sufficient binding sequence is not necessarily the minimal 
binding sequence. 

The Pro 2 region of PTP-PEST is required for paxillin binding in vitro and in vivo. 
The Pro 2 domain of PTP-PEST lies between aa 355-374. Since the smallest GST Pro 
15 2 fusion protein used in figure 15c encodes for aa 344-397. a PTP-PEST mutant 
lacking Pro 2 was generated to rigorously demonstrate its role in paxillin binding. A 
binding assay was perfomied using two paxillin GST fusion proteins: Paxillin N 
(encoding for the LD motifs) and Paxillin C (encoding for the 4 LIM domains). These 
two proteins in addition to GST p130Cas SH3 and GST alone were purified and 
20 incubated with cell extracts of HEK 293T transfected either with WT or APro 2 
HA-PTP-PEST as described above. The bound PTP-PEST proteins were monitored 
by western blotting using the anti-HA antibody 12CA5. As shown in figure 17a (top 
panel) the GST Paxillin C and p130Cas SH3 were bound to WT HA PTP-PEST. The 
GST Paxillin N and GST alone failed to bind WT HA PTP-PEST. Five pg of HA WT 
25 PTP-PEST transfected HEK 293T extract were loaded to demonstrate the proper 
expression of the transfected constmd. When the same binding assay was perfomied 
using APro 2 HA PTP-PEST transfected cell extracts. GST paxillin C failed to bind 
APro 2 PTP-PEST (Figure 17a. top panel). The SH3 domain of pISOCas was still 
capable of association with the APro 2 mutant of PTP-PEST since it only requires an 
30 intact Pro 1 domain. APro 2 PTP-PEST was expressed to similar levels to WT as seen 
in the TCL (5 pg of proteins) lanes. To verify the presence and integrity of the GST 
fusion proteins, the blot ere stripped and probed with an anti-GST polyclonal antibody 
(Figure 17a. bottom panel). From these results, it is clear that the Pro 2 motif of 
PTP-PEST is implicated In paxillin binding. In addition, the LIM domains of paxillin 
35 rather than the LD motifs are implicated in the association with PTP-PEST. 

The importance of the Pro 2 domain of PTP-PEST for paxillin binding was also 
confirmed in vivo in a co-immunoprecipitation experiment. HEK 293T cells were 
transfected with either: Mock (empty pACTAG). HA WT PTP-PEST. HA APro 1 
PTP-PEST. HA APro 2 PTP-PEST. The cells were lysed 48 h after transfection and 
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the expression of the transfected constructs was monitored by western blotting of TCL 
(5 pg) using the anti HA antibody 12CA5 as seen in figure 17b (top panel). 
Endogenous paxillin was then immunoprecipitated with a monoclonal antibody. The 
presence of HA PTP-PEST was assayed by blotting against the HA epitope using the 
5 12CA5 antibody. Both the WT and APro 1 PTP-PEST were found In paxillin 
immunoprecipitates as seen in figure 17b (middle panel). In accordance with the result 
shown in figure 17a, PTP-PEST lacking a Pro 2 was not found in paxillin 
immunoprecipitates (figure 17b, middle panel). Equal precipitation of paxillin from each 
sample was verified by stripping the blot and reprobing with an anti-paxillin monoclonal 

10 antibody (figure 1 7b, bottom panel). 

Mutational analysis of tlie Pro 2 region reveals the Importance of proline 362 for 
paxillin binding activity. The Pro 2 domain of PTP-PEST is defined by 20 amino 
acids half of which are proline residues (Figure 18a). Although three PxxP motifs are 
found in the Pro 2, none of them have the consensus sequence for SH3 binding sites 

15 (Class 1-RxxPxxP and Class 2PxxPxR) or WW domains (PPxY) (32). Eight of the 
proline residues were individually mutated to alanine (Figure 17a) in the context of the 
GST Pro 2 344-437 construct (see figure 16) in order to get a better understanding of 
this novel paxillin binding domain. The WT GST Pro 2 as well as the eight proline to 
alanine mutants were purified from induced bacterial cultures and incubated with NIH 

20 3T3 cell lysates. As seen in figure 18b, paxillin was bound to all fusion proteins used 
except to the P362A mutant. Equal amounts of GST fusion proteins as well as the 
integrity of the products are shown in figure 18c. From these results, we can conclude 
that the proline residue 362 is critical for binding to paxillin, and should be present in 
a minimal binding sequence. 

25 The LIM domains 3 and 4 of paxillin are required for PTP-PEST binding. Having 
delimited the region on PTP-PEST important for binding to paxillin. we were next 
interested in mapping the segment of paxillin required for its association to PTP-PEST. 
A GST fusion protein encoding the four LIM domains of paxillin was demonstrated to 
have the PTP-PEST binding activity (Figure 16a). A panel of GST fusion proteins of 

30 paxillin LIM domains was generated in order to investigate which LIM domain is 
important for PTP-PEST binding. A schematic representation of these constructs is 
shown in figure 19a. These fusion proteins were purified from induced bacterial 
cultures and incubated with HA-PTP-PEST expressing 293T cell lysates. Bound 
PTP-PEST was detected by western blotting using the anti HA antibody 12CA5. As 

35 seen in figure 19b, the paxillin carboxyl terminus (Paxillin C. UM1-4) was bound to 
PTP-PEST. The C-Terminus deletion mutants (LIM 1-3. LIM 1-4ALIM3 and LIM 1-2) 
as well as the LIM domains expressed separately failed to bind PTP-PEST. 
Interestingly, the LIM 3-4 construct was the only deletion construct retaining 
PTP-PEST binding activity (Figure 19b). GST alone used as a negative control was not 
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capable of precipitating PTP-PEST. To demonstrate proper expression of each 
construct as well as the integrity of the products, a coomassie blue stained gel 
representative of the GST fusion proteins used in the binding assay is shown in figure 
19c. 

5 It is possible that only one of the LIM domains (3 or 4) is interacting with PTP-PEST. 
but both may be required to have a biologically active conformation. This may be an 
important concern especially since the fusion proteins have been expressed in 
bacteria. In order to test this hypothesis, co-immunoprecipitation experiments were 
performed between PTP-PEST and full length paxillin WT. ALIM3 or ALIM4 mutants. 

10 HEK 293T cells were co-transfected with HA PTP-PEST and either pcDNA3 (empty), 
pcDNA3 WT. ALIM 3 or ALIM4 avian paxillin. Five Mg aliquots of each sample was 
analyzed by western blotting to verify PTP-PEST expression (Figure 20c). Aliquots of 
each lysate were immunoprecipitated with an antibody specific for avian paxillin. The 
presence of PTP-PEST in the paxillin precipitates was investigated by western blotting 

15 using the anti-HA antibody 12CA5. As seen in figure 20a, PTP-PEST was detected 
after precipitation of WT paxillin but not either of the LIM 3 or 4 deletion mutants. To 
verify equal precipitation of paxillin in each sample, the blot was stripped and reprobed 
with a monoclonal antibody against paxillin. As seen in figure 20b. equal amounts of 
paxillin were detected in all the samples except the negative control (pcDNA3. figure 

20 20b). 

Intact LIM3 and LIM 4 are required for binding to PTP-PEST In order to confimi 
that both LIM 3 and LIM 4 domains of paxillin participate in PTP-PEST binding, point 
mutations were introduced in these domains. Each LIM domain is composed of two 
zinc fingers stabilized by critical cysteine. hisUdine or aspartic acid residues (19). The 
25 C467A and the C470A mutants disrupts the first and the second zinc finger of the LIM 
3 domain respectively and the C467/470A is a double mutant. The C523S disrupts the 
first zinc finger of LIM 4. The WT paxillin and all the mutants were in vitro translated 
in the presence of «S-methionine. These products were then incubated with GST 
PTP-PEST Pro 2 (344-397; SEQ ID NO: 22). As seen in figure 21 (top panel), only the 

30 WT paxillin was able to interact with the PTP-PEST GST fusion proteins. As a control. 
GST alone did not interact with WT paxillin (last lane, top panel). In the bottom panel, 
15% of the amount of each product used in the binding assays is shown to 
demonstrate the integrity of the products and also as a loading control. These data 
cleariy demonstrate that the integrity of both LIM 3 and LIM 4 is critical for binding to 

35 PTP-PEST. 

Paxillin is not a substrate for PTP-PEST Since paxillin is a tyrosine phosphorylated 
protein, a substrate trapping approach (7.8.10) using C231S mutants of the catalytic 
domain of PTP-PEST. was used to investigate if paxillin is a physiological substrate 
for PTP-PEST. The substrate trapping mutants used were GST 1-453 C231S 
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(containing Pro 2) and GST 1-354 C231S (Pro 2 is deleted) PTP-PEST fusion proteins. 
Protein extracts were prepared from control NIH 3T3, NIH 3T3 stably expressing Src 
Y527F and pervanadate treated NIH 3T3 cells. These samples were incubated with 
either PTP-PEST C-Terminus (aa 276-775). PTP-PEST 1^53 WT, PTP-PEST 1-453 
5 C231 S or PTP-PEST 1-354 C231S expressed as GST fusion proteins. Tyrosine 
phosphorylated proteins precipitating with PTP-PEST GST fusion proteins were 
visualized by immunoblotting with an antiphosphotyrosine antibody. As seen in figure 
22a, in the Src Y527F and pervanadate (PV) treated cells, a protein of 130 kDa is the 
major tyrosine phosphorylated protein bound to the C231 S mutants of PTP-PEST. This 

10 protein is known to be p130Cas (8.10) and thus serves as a control to ensure that the 
trapping experiment worked, as seen by blotting with an anti p130Cas antibody in 
figure 22c. The 60 kDa band detected in the PTP-PEST 1-354 C231S lanes is the GST 
fusion protein cross reacting in a non-specific manner with the PY99 
antiphosphotyrosine antibody. In NIH 3T3 and NIH 3T3 Src 527F cells, a 70 kDa 

1 5 tyrosine phosphorylated protein was detected in the PTP-PEST C-Terminus, 1 -453 WT 
and C231 S but not in the 1-354 C231 S. This p70 protein was identified as paxillin 
when the blot was reprobed with an antipaxillin monoclonal antibody (figure 22b). 
Importantly, no paxillin was detected in the GST PTP-PEST 1-354 C231S lanes, the 
only construct lacking the Pro 2, thus unambiguously showing that the PTP-PEST 

20 catalytic domain is not interacting directly with tyrosine phosphorylated paxillin. This 
result clearly demonstrates that paxillin is not a substrate for the PTP-PEST catalytic 
domain in a substrate trapping assay. Interestingly, when 3T3 cells are treated with 
pervanadate. only a small amount of paxillin is detected (overexposure of the blot, data 
not shown) bound to the PTP-PEST fusion proteins having the Pro 2. This suggest that 

25 hyperphosphorylation of paxillin on tyrosine residues couki prevent binding to 
PTP-PEST. The integrity of each fusion protein used in the trapping assay was verified 
by Coomassie blue staining of the PVDF blots as seen in figure 22d. 
Discussion 

In a recent report. Shen et al. (30) demonstrated that FAK complexes with 
30 proteins having protein tyrosine phosphatase activity (PTP). One of these PTPs. 
PTP-PEST. was found in FAK complexes via a direct association with paxillin (30). 
These findings are significant since they suggest a dynamic regulation of protein 
tyrosine phosphorylation in focal adhesions. In support of this hypothesis, fibroblasts 
lacking FAK (33) or PTP-PEST (14) exhibit migration defects and a higher number of 
35 focal adhesions indicating that both tyrosine kinases and phosphatases have an active 
function in the assembly and disassembly of these adhesive cellular structures. We 
have analyzed the binding of PTP-PEST to paxillin in order to get a better 
understanding of the function of PTP-PEST in the regulation of focal adhesion 
turnover. 



iSOOWD; <WO 96ei4e7A2.L> 



wo 99/61467 




7CA99y00461 



-38- 



10 



15 



20 



25 



30 



The co-precipitation of paxillin and PTP-PEST was reported in CE (Chicken 
Embryo) and Swiss 3T3 cultured fibroblasts (30). We demonstrate that the association 
between paxHIin and PTP-PEST is physiologically relevant since both proteins 
co-precipitate from a variety of nomnal mouse tissues namely liver, brain, heart, lung, 
spleen and thymus (figure 15). Paxillin was not detected in PTP-PEST precipitate from 
kidney since PTP-PEST is poorly expressed in kidney as previously shown (31). 

In this study, we have identified the domains in PTP-PEST and paxillin that are 
responsible for their association. Our present data demonstrate that in vitro, a segment 
of PTP-PEST from aa 344-397 was sufficient for binding paxillin. In vivo, a proline rich 
motif on PTP-PEST. Pro 2 (355-PPEPHPVPPILTPSPPSAFP-374; SEQ ID NO: 9). is 
essential for binding to paxillin. In addition, intact LIM 3 and LIM 4 domains of paxillin 
are required for binding to PTP-PEST Furthermore, tyrosine phosphorylated paxillin 
was not able to complex with a substrate trapping mutant of PTP-PEST (C231S) 
lacking the Pro 2 demonstrating that it is not a physiological substrate of PTP-PEST 
in this "substrate trapping" type of assay. The catalytic domain of PTP-PEST is flanked 
by a carboxyl terminal tail rich in protein binding motifs. In this respect, the SH3 
domains of p130Cas, Hef 1 . Sin/Efs (10,34). Grb2, v-src (6) and Csk (31) have been 
shown to directly associate with proline rich sequences in PTP-PEST. In addition, the 
coiled-coil domain of PSTPIP also associates with a non-classical polyproline rich 
domain of PTP-PEST (35) and the PTE domain of She was shown to bind a NPLH 
motif on PTP-PEST (5). The Pro 2 of PTP-PEST contains none of the consensus 
sequences that can act as ligands for either SH3 or WW domains. This suggests that 
the Pro 2 of PTP-PEST is a novel protein binding motif that can associate with LIM 
domains of at least paxillin. Interestingly, Pro 2 is conserved between human and 
mouse PTP-PEST but is not present on other member of the PTP-PEST family of 
enzymes (PEP. PTP-HSCF and PTP20). One concern is that the Pro 2 deletion, which 
prevents paxillin binding, might produce a misfolded PTP-PEST. However, this 
hypothesis is unlikely since p130Cas can still interact with PTP-PEST APro 2 through 
an SH3-Pro 1 association (figure 17a). In addition, site directed mutagenesis analysis 
demonstrated that Proline 362 is critical for binding to paxillin whereas seven other 
proline mutants had little if no effect on paxillin binding. To gain a better understanding 
of the Pro 2. experiments involving more point mutations of residues sunrounding Pro 
362 and a NMR stmcture detemiinatlon of the peptkJe bound to its paxillin partner are 
currently under investigations. 

Paxillin is an adaptor protein composed entirely of protein binding modules 
including LD, LIM, SH2 binding sites and proline rich domains. Our results indicate that 
only LIM 3 and LIM 4 are essential for PTP-PEST binding activity. When expressed 
as GST fusion proteins, neither LIM 3 nor LiM 4 alone were able to negotiate binding 
with PTP-PEST whereas a construct containing both LIM 3 and LIM 4 domains 
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supports the association. It is possible that LIM 3 and LIM 4 do not fold properly when 
expressed in bacteria, however a recent report by Brown et al. (25) indicates that GST 
LIM 2 and LIM 3 alone associate with serine and threonine kinases suggesting that 
they are property folded domains (25). We have also observed that in vivo, full length 
5 paxillin lacking either UM3 or LIM 4 was unable to bind to PTP-PEST. In addition, we 
have clearly demonstrated that point mutation that disrupt the zinc fingers in either LIM 
3 or LIM 4 of paxillin prevents binding to PTP-PEST. Together, these data point to LIM 
3 and LIM 4 as critical domains for paxillin association with PTP-PEST. 

LIM domains ligands are extremely varied (27.28). For example, some LIM 

10 domains have been shown to heterodimerize while others bind to structurally distinct 
protein motifs (27). Among others, it has been previously shown that the LIM 3 of 
Enigma associates with a tyrosine based motif (tyrosine tight turn) of the p chain of the 
Insulin receptor (29). Interestingly, the tyrosine tight turn of the Insulin receptor 
(GPLGPLYA) contains a PxxP motif and mutation of the two prolines to alanines 

1 5 abolishes binding to the LIM 3 of Enigma (29). Furthermore, when the LIM 3 of Enigma 
was used to screen a random peptide library with a fixed tyrosine (position 0). prolines 
at position -1 and -^2 were favored. A consensus sequence for the preferred ligand of 
the LIM 3 of Enigma was determined: GPHydGPLHyd(Y/F)A (Hyd=hydrophobic 
residue). Our data demonstrate that the Pro 2 of PTP-PEST, 

20 355PPEPHPVPPILTPSPPSAFP-374 (SEQ ID NO: 9). is the binding site for paxillin 
and that Proline 362 (in bold) is critical for the association. The consensus ligand 
sequence for the LIM 3 of Enigma is not found in PTP-PEST Pro 2. LIM 3 and LIM 4 
of paxillin thus associates with a novel polyproline motif, and adds to the wide variety 
of LIM domain ligands. The discovery of other ligands for LIM 3 and LIM 4 of paxillin 

25 and their comparison to the PTP-PEST Pro 2 will allow the elaboration of a preferred 
ligand sequence for these LIM domains. 

In parallel to this work. PTP-PEST has also been reported to associate with the 
paxillin homologue Hic-5 (36). The C-terminal LIM domains of Hic-5 is 68% similar to 
the LIM domains of paxillin. It was shown that the LIM 3 of Hic-5 is the most important 

30 for the binding to PTP-PEST but is still not sufficient. Surprisingly. LIM 4 was not 
critical for the binding of Hic-5 to PTP-PEST, In addition, point mutations in the zinc 
finger of either LIM 3 or LIM 4 of Hic-5 did not prevent association with PTP-PEST in 
a co-precipitation experiment. These results differ from the one observed in the 
association between PTP-PEST and paxillin. and suggest that even though the LIM 

35 domains of Hic-5 and paxillin are 68% similar, the mechanism of binding to PTP-PEST 
is not identical. 

PTP-PEST has been shown to be very selective for its physiological substrates 
(8.10). The selectivity towards p130Cas can be explained by the fact that both a 
substrate recognition by the PTP domain and a SH3-mediated association occur 
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before dephosphorylation. An important issue that needed to be resolved in order to 
understand the significance of paxillin-PTP-PEST association was to clarify if paxillin 
is a substrate for PTP-PEST. Our data clearly demonstrates that tyrosine 
phosphorylated paxillin was not bound to a PTP-PEST C231S mutant lacking the Pro 
5 2 indicating that paxillin is not directly recognized by the PTP domain. In addition, 
equal amounts of paxillin were also found in the precipitates of GST PTP-PEST WT 
or C231S and paxillin was not found to be more tyrosine phosphorylated in the C231S 
samples suggesting an absence of cooperation between the catalytic domain and the 
Pro 2 (figure 22c). In support of these findings, Carton and Tonks (16) have 
10 demonstrated that overexpression of PTP-PEST in Rat-1 fibroblasts prevents cells to 
migrate in a wound healing assay. In these cells, pISOCas phosphotyrosine level was 
greatly reduced whereas paxillin and FAK tyrosine phosphorylation levels were 
unaltered (16). Thus, these results also support that paxillin is not a target for 
PTP-PEST. 

15 Other PTPs were reported to have remarkable specificity towards substrates 

including PTP1B (7.37), T cell-PTP (38) and SHP-1 (39). In contrast, the presence of 
the PSTPIP binding motif on PTP-HSCF was demonstrated to be essential for a 
specific tyrosine dephosphorylation of PSTPIP since the PTP domain alone did not 
dephosphorylate PST-PIP (35). Because we based our conclusions only on a 

20 substrate trapping approach^ it remains a possibility that paxillin is a weak substrate 
for PTP-PEST in vivo. It is also possible that the fonnation of some protein complexes 
could favor paxillin dephosphorylation by PTP-PEST. In a in vitro dephosphorylation 
assay, GST-PTP-PEST dephosphorylated weakly a paxillin peptkJe compare to a 
p130Cas peptide. The known promiscuous activity of PTPases in vitro prevents us to 

25 base our substrates identification using such an assay. 

If paxillin is not a substrate for PTP-PEST, what is the physiological significance 
of paxillin-PTP-PEST association? A first clue to answer this question came from 
findings by Brown et al. (19) indicating that the intracellular localization of paxillin 
depends on the association of a yet unknown binding protein to the LIM 3 of paxillin. 

30 A reasonable assumption is that this LIM 3 iigand must co-localize with paxillin in focal 
contact sites. PTP-PEST is most likely not the protein responsible for paxillin focal 
adhesion localization since it is found mainly in the cytoplasm. We have demonstrated 
in a previous study that PTP-PEST can translocate to the membrane periphery 
foltowing integrin engagement (14). Hence, we propose a model where PTP-PEST is 

35 translocated (14) to focal adhesions and associates with paxillin (figure 9a). This would 
allow file SH3-mediated association with focal adhesion located p130CdS and inhibit 
its downstream signalling via dephosphorylation of residues of p130Cas critical 
tyrosine residues. Importantly, the LIM 3 of paxillin would be negotiating to bind with 
the Pro 2 of PTP-PEST instead of associating with its Iigand that is essential for focal 
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adhesion targeting (19). The SH3 domain of p130Cas has also been shown to be 
critical for proper focal adhesion targeting of p130Cas (40) probably via its association 
with P125FAK. In a similar manner to the LIM 3 of paxillin. the SH3 domain of p130Cas 
would be bound to the Pro 1 of PTP-PEST instead of p125FAK. Together, this 
5 cascade would result in the release of paxillin and p130Cas from focal adhesion 
complexes in addition to p130Cas tyrosine dephosphorylation as seen in figure 9b. The 
additional recruitment of Csk via a direct association to PTP-PEST (31) would result 
in the phosphorylation of the inhibitory site of Src thus inhibiting the formation of new 
focal adhesions. Our findings that PTP-PEST knock-out cells accumulate large 

10 numbers of focal adhesions suggest that the most important function for PTP-pest is 
to promote focal adhesion disassembly, hence the turnover of focal adhesion 
complexes (14). Therefore, we propose that PTP-PEST promotes focal adhesion 
turnover via its tyrosine phosphatase activity towards p130Cas and via direct binding 
to critical domains of p130Cas and paxillin required for focal adhesion targeting. 

15 EXAMPLE 5 

THERAPEUTIC UTILIT Y OF PTP-PEST INHIBITORS' 

From the foregoing results, it is expectable that any agent capable of interfering 
with the binding of PTP-PEST with domains of signalling proteins would interfere with 
cell migration and/or cellular division. Such an effect would have a desirable clinical 

20 utility in the treatment of tumors, in the prevention of pro-inflammatory cell recruitment 
as well as in the prevention of undesirable angiogenesis. These agents are considered 
specific to PEST and include specific inhibitors, competitive binding peptides, 
monoclonal antibodies to the binding sites of the substrate or of the enzyme or to the 
catalytic site of the enzyme, 

25 As such preferred agents, two peptides have been designed to compete with 

the native enzyme for its natural substrates, namely pISOCas, through their SH3 
domain: 

Peptide 1 : Thr Thr Gly Thr Met Val Ser Ser He Asp Ser Glu Lys Gin Asp Ser Pro Pro 
Pro Lys Pro Pro Arg Thr Arg Ser Cys Leu Val Glu Gly (SEQ ID NO: 4). or a shorter 
30 sequence such as Peptide 2: Gin Asp Ser Pro Pro Pro Lys Pro Pro Arg Thr Arg (SEQ 
ID NO: 24) 

Furthermore, peptides may be designed to interfere with the binding of PEST 
with signalling proteins involved in cell migration and/or proliferation, even if the latter 
are not substrates to PEST, Such an example of peptide has been given with the 
35 peptide 344-397 (SEQ ID NO: 22) of PEST or a shorter sequence, which binds by its 
Pro 2 domain to paxillin. This binding peptide would expectedly compete with the 
native enzyme for the corresponding binding domain of paxillin. 

The anti-tumoral activity may be achieved by interfering with a plurality of 
cellular events such as cellular division, tumor cell migration and endothelial cell 



wo 99/61467 — ^ r/CA99/00461 

-42- 

migration. As a result, the tumors cannot become invasive to the whole organism, they 
cannot divide, they are deprived from blood and oxygen nutrients, and they cannot get 
rid of metabolic wastes. 

The peptides of this inventwn enter the target cells as verified with Pro 2 
5 peptides in the example related to ttie binding of PEST to paxillin. 

In that case, (data not shown) approximately lOnmoles of Pro 2-TAT-HA fusion 
peptides successfully entered the cells and located in coronal focal adhesions, as seen 
by immunofluorescence with a mouse anti-HA Mab and a goat anti-mouse fluorescein 
conjugated secondary antibody. 
1 0 The association of PTP-PEST and its binding partners has been broken Mffi 

by the addition of 500 nM of peptides (5). Considering that the successful usage of the 
TAT-fusion protein system of S. Dowdy requires as little as 15 nM (74), we trust that 
me TAT-Prol to TAT-Pro5 would become a method of choice to inhibit the activity of 
the PTP-PEST enzyme, and its subsequent effects in cell migration, invasion, 
15 angiogenesis and tumorigenicily. The active peptidic agents would be dosed to achieve 
an extracellular concentration of 10 nM to 1 mM. Preferably, an extracellular 
concentration of 0.1 \iM to 100 pM would be formulated in therapeutic compositions, 
to provide intracellular concentration in the order of nanomolar concentration. 

The compositions would further comprise a phamnaceutically acceptable carrier. 
20 Ideally, the above inhibitory peptides can be administered in any suitable fornis and 
by any suitable route to deliver the proper amount thereof at the target tissue. Such 
carriers may comprise liposomes, immunoliposomes. nanoeiythrosomes and 
derivatives thereof (such as PEG, immuno-nanoeryflirosomes. etc.), nanoparticles and 
derivatives thereof (such as PEG particles, immuno-nanoparticles, etc.). The above 
25 peptides may also be modified to provide derivatives thereof. The term "derivatives" 
is intended to cover any peptidic variations comprising amino acid substitutions by 
natural or non-natural amino acid, additions of substituents on natural amino acid 
atoms, for the purpose of improving the pharmacological pharmacokinetics and 
pharmacodynamics of the peptides. The derivatives therefore provide compounds 
30 which comply with pharmacological requirements such as resistance to metabolic 
degradation, solubility, potency, etc. 

As an alternative to the above peptides, antisense ol'^onucleotldes to PEST 
can be made. The antisense molecules may be entrapped in the same phamnaceutical 
vehicles mentioned above for the peptides, and they may be modified to resist 
35 metabolic degradation, to be stable and/or to be attached to radtoactive molecules by 
known techniques. The peptWes and antisense DNA molecules may also be 
administered through plasmidic or viral vectors. The plasmid or vector may express or 
not the peptide. If the vector is expressed, the peptide acts as a competitor to the 
native PTP-PEST enzyme. Alternatively, the antisense mRNA molecules transcribed 
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from the plasmid or vector may combine to the endogenous messenger RNA 
molecules encoding the native enzyme. In the latter case, the expression of the native 
enzyme is decreased or shut down. To ensure proper targeting of the tissue to be 
treated, the antisense molecules or peptides may be coupled to a ligand capable of 
5 specifically and selectively binding a target cell receptor. 
EXAMPLE 6 

DESIGN OF PEPTIDES INTERFERING WITH THE BINDING OF A PHOSPHATASE 
TO A SIGNALLING PROTEIN IS DERIVED FROM BINDING STUDIES 

The binding studies between p130Cas and PEST, and between paxillin and 
1 0 PEST provide valuable information on the nature of the peptides potentially clinically 
useful. 

Although all the agents named above are directed to PEST, other agents 
directed to the SH3 domains or other domains important in the activity of signalling 

15 proteins, may envisageably be made. These agents may also be derived from the 
same binding studies. 

As compiled in the Table below, the skilled reader will appreciate that the same 
binding studies may be reiterated with a panoply of different PEST proline-rich regions 
and of binding signalling proteins, and this for the purpose of treating different 

20 pathologies. Some of signalling proteins are ubiquitous, other are more tissue-specific. 
Tissue-targeting capacity of the phamnaceutical compositions may be improved via the 
carrier and specific diseased tissue treatment is contemplated. 



Domains 


Amino 
acids 


Ligands 


Expression patterns 


References 


PTP 


71-312 


p130Cas 


Ubiquitous 


6 


Pro1 


333-338 


p130Cas 


Ubiquitous 


7.11 






Hef1/Cas-L 


Hematopoietic and 


7 








epithelial cells 








Efs/Sin 


Hematopoietic cells. 


7 








placenta and brain 








Grb2 


Ubiquitous 


4 


Pro 2 


355-374 


Paxillin 


Ubiquitous 


This invention 






Hic-5 


Ubiquitous 


36 


Pro 3 




None 










identified 






SHC 


599-602 


SHC 


Ubiquttous 


5 


binding 








Pro 4 


675-680 


6rb2 


Ubiquitous 


4 






Csk 


Ubiquitous 


31 


Pro 5 


764-771 


PSTPIP 


Ubiquitous, higlier in 


16 








hematopoietic cells 








PSTPIP2 


Ubiquitous 


52 



40 While this invention has been described in connection with specific 

embodiments thereof, it will be understood that modifications can be made thereto 
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without departing from the spirit and teachings of this invention. These modifications 
are considered to be within the scope of this invention, as defined in the appended 
claims. 
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What is claimed is: 

I. A compound capable of Interfering with the binding of phosphotyrosine 
phosphatase PEST to signalling molecules involved in cell migration, cell adhesion or 
ceil division. 

5 2. A compound as defined in claim 1 , wherein said signalling molecule is p1 30cas. 

3. A compound as defined in claim 1, wherein said signalling molecule is paxillin. 

4. A compound as defined in claim 2, which is a peptide comprising the amino acid 
residues 333 - 338 of SEQ ID NO. 1 or the amino acid residues 334-339 of SEQ ID 
NO. 2. 

10 5. A compound as defined in claim 4 comprising the sequence defined in SEQ ID 
NO: 4 or 5 or a derivative or a part thereof capable of binding to p130cas. 
6. A compound as defined in claim 3, which is a peptide comprising the amino acid 
residues 355 - 363 of SEQ ID NO. 1 or the amino acid residues 356 - 364 of SEQ ID 
NO. 2. 

15 7. A compound as defined In claim 6 comprising the sequence defined in SEQ ID 
NO: 22 or 23 or a derivative or a part thereof capable of binding to paxillin. 
8. A pharmaceutical composition comprising an anti-proliferative or anti-cell 
adhesion or anti-migrating amount of a compound as defined in any one of claims 1 
to 7 and a pharmaceutically acceptable earner. 

20 9. A pharmaceutical composition as defined in claim 8, which is dosed so as to 
provide an extracellular concentration of said compound comprised between about 
10nM to 1 mM. 

1 0. The use of a compound as defined in any one of claims 1 to 7 in the making of 
a medication for treating a disease which has an etiological component selected from 
25 cell proliferation, cell migration, inflammation and angiogenesls. 

I I . The use defined in claim 10 wherein said disease is cancer. 

12. A method for finding a genuine substrate for an enzyme in a cell that normally 
expresses the wild-type form of said enzyme, said method comprising the steps of: 

modifying said cell to silence the expression of said enzyme, which silence has 
30 a detectable differential effect on said genuine substrate compared to the substrate of 
the cell which expresses the wild-type enzyme, whereby a silencious cell line is 
obtained; 

providing a construct comprising a mutant form of said enzyme, said mutant 
being inactive towan:! said substrate but capable of binding thereto; 
35 - contacting the cell contents of said silendous cell line with said construct of said 
mutant, in order to obtain bound complexes of said substrate and said mutant; and 

detecting said substrate. 

13. A method as defined in claim 12, wherein said silencious cell line is a null cell 
line for said enzyme. 
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14. A method as defined in claim 12 or 13, wherein said enzyme is a protein 
phosphatase. 

15. A method as defined in claim 14, wherein said protein phosphatase is a protein 
tyrosine phosphatase. 

5 16. A method as defined in claim 1 5, wherein said protein tyrosine phosphatase is 
PTP-PEST. 

17. A method as defined in claim 16, wherein said mutant form of PTP-PEST is 
confen^d by the replacement of a cysteine residue at position 231 of SEQ ID NO: 1 or 
of SEQ ID NO: 2 by a serine residue. 
10 18. A method as defined in any one of claims 14 to 17, wherein said differential 
effect on said substrate is a hyperphosphorylation effect. 

19. A method as defined in claim 18, wherein said detecting step is perfomied with 
a ligand specific to a hyperphosphoryiated substrate. 

20. A method as defined in claim 19, wherein said ligand is an antibody. 

15 21 . A method as defined in any one of claims 16 to 20, wherein the presence of a 
hyperphosphoryiated p130cas substrate is detected as a positive control of a genuine 
substrate. 

22. A method as defined in any one of claims 12 to 21, wherein said mutant 
construct is bound to a solid support. 
20 23, A method as defined in any one of claims 12 to 22. wherein said substrate is 
detached from said bound complexes prior to said detecting step. 
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